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PEEFACE. 


StTgiv/ nominal lists of the Faunm, and the 
other details of tact on which I have based my con- 

elusions, although all the necessary materials may be 

found in my “ Catalogue of Fishes. ^ 

A few references only to the numerous sources 
which were consulted on the subjects of Chapters 1-12, 
are inserted in the text ; more are not required by the 
beginner; he is introduced to a merely elementary 
account of facts well known to the advanced student. 

With regard to the illustrations, about twenty 
have been prepared after originals published by 
Cuvier, J. Muller, Owen, Traquair, Dumeril, Cunning- 
ham, Hasse, Poey, Siebold, and Gegenbaur. A similar 
number, representing extinct fishes, have been taken, 
with the kind permission of the author, from Owen s 
“ Palseontology ” My best tlianks are due also to the 
Committee of Publications of the Zoological Society, 
and to the Editors of the “ Annals and ^Magazine of 
Natural History,” and of the “Journal des Museum 
Godeffroy,” for the loan of woodcuts illustrating some 
of my papers on South American fishes and on larval 
forms. The remainder of the illustrations (about 
three-fourths) are cither original figures, or formed 
part of the article on ‘ Ichthyology ’ in the former 
edition of the “Encyclopaedia Britannica.” 


London, Zd October 1880 . 
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INTEODUCTOKY EEMAEKS. 


According to the views generally adopted at present, all 
those Vertebrate animals are refeiTed to the Class of Fishes, 
Lhich living in water, breathe air dissolved in water by means 
K gills or V)ranchi;e ; whose heart consists of a single ventricle 
pd single atrium ; whose limbs, if present, are modified into 
is, supplemented by 'unpaired, median fins ; and whose skin 
either naked, or cpvered with scales or osseous plates or 
icklers. With few exceiitions fishes are oviparous. How- 
ler, there are not a few members of this Class which show a 
lodificatioii of one or more of these characteristics, as we 
liall see hereafter, and which, nevertheless, cannot be separated 
it. The distinction between the Class of Fishes and that 
bf Batracliiaiis is very me e 

The branch of Zoology wliich treats of the internal and 
“external stmeture of fishes, their mode of life, and their 
distribution in space and time, is termed Ichthjology. 

From Ix^vs, fish, and X<ryos, doctrine or treatise. 
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HISTORY AND LITERATURE. 

Aristotle. The commencement of the history of Ichthyology coincides 
with that of Zoology generally. Akistotle (384-322 b.c.) 
had a perfect knowledge of tlie general structure of fishes, 
which he clearly discriminates from the Acpiatic animals with 
lungs and mamm<e, i.e. Cetaceans, and from the various groups 
of Acpiatic Invertebrates. He says that the special charac- 
teristics of the true fishes consist in the branclnm and fins, 
the majority having four fins, but those of an elongate form, 
as the eels, having two only. Some, as the Murmna^ lack the 
fins altogether. The Eays swim witli their wliole body, which 
is spread out. The branchiie are sometimes furnished with 
an opercle, some.times without one, as is the case in the carti- 
laginous fishes. ... Ho fisli has hairs or feathers p most are 
covered with scales, but some have a rough or smooth skin. 
The tongue is hard, often toothed ; and sometimes so much 
adherent that it seems to be wanting. The eyes have no lids; 
nor are any ears or nostrils visible, for what takes the place 
of nostrils is a blind cavity, nevertheless they have the 
senses of tasting, smelling, and hearing. All have Blood. AH 
scaly fishes are ovi|)arous, but the cartilaginous fishes (with 
the exception of the Sea-devil, which Aristotle places along 
with them) are viviparous. All have a heart, liver, and gall- 
bladder; but kidneys and urinary blmlder are absent. Thev 
vary much in the structure of their intestim^s : for whilst tlie 
mullet has a fleshy stomach like a bird, others have 
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stomachic dilatation. Pyloric coeca are close to the stomach, 
variable in number ; tliere are even some, like the majority of 
the cartilaginous fishes, which have none wliatever. Two 
bodies are situated along the spine, which have the function 
of testicles, and open towards the vent, and winch are much 
enlarged in the spawning season. The scales become harder 
with age. Not being provided with lungs, they have no voice, 
but several can emit grunting sounds. Tliey sleep like other 
animals. In the majority the females exceed tlie males in 
size; and in the Pays and Sliarks the male is distinguished 
by an appendage on each side of the vent.” 

Aristotle’s information on the habits of fishes, their migra- 
tions, mode and time of propagation, utility, is, as far as it 
has been tested, surprisingly correct. Unfortunately, only too 
often we l^ck the means of recognising the species of which 
he gives a description. His ideas of specific distinction were 
as vague as those of the fishermen whose nomenclature he 
adopted; it never occurred to him that such popular names 
are subject to change, or may be entirely lost with time, and the 
difficulty of deciphering his species is further increased by the 
Jircumstance that popular names are often applied by him 

the same fjsh, or that different stages of growth are 
designated by distinct names. The number of fishes known 
;o AHstotle seems to have been about 115, all of which are 
ihabitants of the iEgeaii Sea. 

That one man should have discovered so many truths, and 
Jtmed so shte a base for Zoology, is less surprising than the 
act that for about eighteen centuries a science which seemed 
•■0 offer particular attractions to men gifted with power of 
observation, was no. farther advanced. Yet this is the case. 
Aristotle s disciples, as well as his successors, remained satis- 
fied to bo his copiers or commentators, and to collect fabulous 
stories or vague notions. With very few exceptions (such 
as Ausonius, who wrote a small poem, in which he describes 
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from his own observations the fishes of the Mosel) authors 
entirely abandoned original research. And it was not until 
about the middle of the sixteenth century that Ichthyology 
made a new step in advance by the appearance of Belrni, 
Bandelet, and Salviani, who almost simultaneously published 
their grand works, by which the idea of species was established 
definitely and for all times. 


P. Belon travelled in the countries bordering on the 
eastern part of the Mediterranean, in the years 1547-50: he 
collected rich stores of positive knowledge, which he deposited 
in several works. The one most important for the progress 
of Ichthyology is that entitled “Ue acpiatilibus libri duo” 
(Paris 1553 ; small 4to.) Belon knows about 110 fishes, of 
which he gives rude, but generally recognisable, figures. In 
his descriptions he pays regard to the classical as weU as 
vernacular nomenclature, and states the outward character- 
istics, sometimes even the number of fin-rays, frequently also 
the most conspicuous anatomical peculiarities. 

. Although Belon but rarely gives definitions of the terms 
used by him, it is generally not very difficult to ascertain the 
imits which he intended to assign to each division of aquatic 
animals. He very properly divides them into such as are 
provided with blood, and into those without it : two divisions, 
caUed in modern language Vertebrate and Invertebrate aquatic 
animals. The former are classified by him according to sizes 
the further subdivisions being based on the structure of the 
skeleton, mode of propagation, number of limbs, form of the 
body, and on the physical character of the localities inhabited 
by fishes. This classification is as follows 


I. The larger fishes or Cetaceans. 

A. Viviparous Cetaceans wit] 

B. Viviparous Amphibians. 


- Cetacea). 
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1. With four limbs: Seals, Hippopotamus, Beaver, 

Otter, and other aquatic Mammalia. 

2. With two limbs : Mermaids, etc. 

C. Oviparous Amphibians ( = Reptiles and Frogs). 

D. Viviparous Cartilaginous fishes. 

1. Of an oblong form ( = Sharks). 

2. Of a flat form ( = Rays and Lophius). 

E. Oviparous Cartilaginous fishes ( = Sturgeons and 

Silurus). 

F. Oviparous Cetaceans, with spines instead of bones 

( = large marine fishes, like the Thunny, Sword-fish, 
Sciaenoids, Bass, Gadoids, Trachypterus). 

II. Spinous Oviparous fishes of a flat form ( = Pleuronectidie). 

III. Fishes of a high form, like Zeus. 

IV. Fishes of a snake-like form ( = Eels, Belone, Sphyraena). 

V. Small Oviparous, spinous, scaly, marine fishes. 

1. ‘Pelagic kinds. 

2. Littoral kinds. 

3. Kinds inhabiting rocky localities. 

VI. Fluviatile and Lacustrine fishes. 

The work of the Roman ichthyologist, H. Salviani (1514- Salviani. 
72), is characteristic of the high social position which the 
author held as the physician of three popes. Its title is 
“Aquatilium animalium historia” (Rom. 1554-57, fol.) It 
treats exclusively of the fishes of Italy. Ninety-two species 
are figured on seventy-six plates which, as regards artistic 
execution, are masterpieces of that period, although those 
specific characteristics which now-a-days constitute the value 
of a zoological drawing, were entirely overlooked by the 
author or artist. No attempt is made at a natural classifica- 
tion, but the allied forms generally are placed in close proxi- 
inity. The descriptions are quite equal to those given by 
Belon, entering much into the details of the economy and 
usefulness of the several species, and were evidently composed 
with the view of collecting in a readable form all that might 
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prove of interest to the class of society in which the author 
moved. Salviani’s work is of a high standard, most remarkable 
for the age in which he lived. It could not fail to convey valu- 
able instruction, and to render Ichthyology popular in the 
country to the fauna of which it was devoted, but it would not 
have advanced Ichthyology as science generally ; and in this 
respect Salviani is not to be compared with Eondelet or Belon. 

G. Eondelet (1507-1557) had tlie great advantage over 
Belon in having received a medical education at Paris, and 
more especially in having gone through a complete course of 
instruction in anatomy as a pupil of Guentlierus of Andernach. 
This is conspicuous throughout his works — “ Libri de Piscibus 
marinis’’ (Lugd. 1554, fol.) ; and ^‘Universie aquatilium his- 
toriae pars altera ” (Lugd. 1555, fol.) Nevertheless they cannot 
be regarded as more than considerably enlarged editions of 
Belon’s work. For although he worked independently of the 
latter, and differs from him in numerous details, the system 
adopted by him is characterised by the same absence of 
the true principles of classification. Eondelet had a much 
more extensive knowledge of details. His work is almost 
entirely limited to hmropean, and chiefiy Mediterranean, 
forms, and comprises not less than 197 marine and 47 fresh- 
water fishes. His descriptions are more complete and his 
figures much more accurate than those of Belon ; and the 
specific account is preceded by introductory chapters in which 
he treats in a general manner on the distinctions, the external 
and internal parts, and on the economy of fishes. Like 
Belon, he had no conception of the various categories of 
classification — for instance, confounding throughout his work 
the terms ‘"genus” and “species;” but he had intuitively 
a notion of what liis successors called a “ species,” and his 
principal object was to collect and give as much information 
as possible of such species. 
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For nearly a century the works of Belon and Rondelet 
remained the standard works of Ichthyology ; ,but this science 
did not remain stationary during this period. The attention 
of naturalists was now directed to the products of foreign 
countries, especially the Spanish and Dutch possessions in the ■ 

New World ; and in Europe the establishment of anatomical 
schools and academies led to the careful investigation of the 
internal anatomy of the most remarkable European forms. 

Limited as these efforts were as to their scope, being directed 
either only to the fauna of some district, or to the dissection 
of a single species, they were sufficiently numerous to enlarge 
the views of naturalists, and to destroy that fatal dependency 
on preceding authorities which had continued to keep in bonds 
the minds of even such men as Eondelet and Belon. 

The most noteworthy of those who were active in tropical W. Piso. 
countries are W. Piso and G. Margrav. They accompanied 
as physicians the Dutch Governor, Prince Moritz of Nassau, 
to Brazil (1637-44). Margrav especially studied the fauna of 
the country, and although he died before his return to Europe, 
his observations were published by his colleague, and em- 
• bodied in a work '‘Historia naturalis Brazilise'' (Lugd. 1648, 
fol.), in which the fourth book treats of the fishes. He de- 
scribes about 100 species, all of which had been previously 
unknown, in a manner far superior to that of his predecessors. 

The accompanying figures are not good, but nearly always 
recognisable, and giving a fair idea of the form of the fish. 
Margrav himself, with the aid of an artist, had made a most 
valuable collection of coloured drawings of the objects 
observed and described by him, but many years were allowed 
to pass before it was scientifically utilised by Bloch and others. 

Of the men who left records of their anatomical researches, Anato- 
we may mention Bokelli (IfiOS-Yfi), who wrote a work “ De 
motu animalium” (Rom. 1680, 4to), in which he explained 
the . mechanism of swimming, and the function of the air- 
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bladder; M. Malpighi (1628-94), who examined the optic 
nerv^e of the sword-iish; the celebrated J. Swammerdam 
(1637-80), who described the intestines of numerous fishes ; 
and J. Duvernev (1648-1730), wlio entered into detailed re- 
searches of the oi-gans of respiration. 

A new era in the history of lehtliyology commences with 
Hai/y Wilhighhy, and Artali, who were the first to recognise 
the true principles' by wliicli the natural affinities of animals 
should be determined. Their labours stand in so intimate a 
connection with each other that they represent only one 
stride in the progress of this science. 

Ray and J. IiAY (born 1028 in Essex, di(sl 1705), was the friend 

Willughby guide of F. WiLLUGHBY (1035-72). They had recognised 
that a thorough reform of the treatment of the vegeUble and 
animal kingtioms had l>ecome necessary ; that the only way 
of bringing onler into the existing chaos was that of arranging 
the various fonns with regard to tludr stnu'ture ; that tliey 
must cease to be burdened with inaj)plicalde piussages and 
quotations of the ancient writers, and to perj>etuate the 
erroneous or vague notions of their pnMlecesHors. They aban- 
doned speculation, ami adhered to facts only. One of tlie first 
results, and perha{>s the most important, of tlnur metluHl was, 
that having recognised the “spts’ies ” as su<*h, they definetl 
tliis term, and fixeil it as the Inise, from which all sound 
zoological knowledge has to sUirt. 

Althougli they had divided their work tlms that Ray 
attended to the plants principally, and Willughby to the 
animals, the Mlistoria piscium" ((Ixfiml, 1686. foL), which 
bears Willughby s name on tlu; titlepage, arnl was edite<l by 
liay, is clearly their joint priMluction, A great jiart of the 
observations containe<l in it wenj collectoil during their com- 
mon journeys in Gn?at Britain and on the Contiiieiit, and it 
is no exaggeration to say that at that time tht^ two English- 
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men knew the fishes of the Continent, especially those of 
Germany, better than any other Continental zoologist. 

By the definition of fishes as animals with blood, breath- 
ing by gills, provided with a single ventricle of the heart, 
covered with scales or naked ; tlie Cetaceans are excluded. 
Yet, at a later period Ihiy appears to have been afraid of so 
great an innovation as tlie separation oi whales from fishes, 
and, therefore, he invented a definition of fish which com- 
prises both. The fishes proper are then arranged in the 
first place according to the cartilaginous or osseous nature of 
the skeleton ; further subdivisions being formed with regard 
to the general form of the body, the presence or absence of 
ventral fins, the soft or spinous structure of the dorsal rays, 
the number of dorsal fins, etc. Not less than 420 species are 
thus arranged and described, of wliich about 180 were known 
to the authors from autopsy : a comparatively small propor- 
tion, descrii)tions and figures still forming at that time in a 
great measure a substitute for collections and museums. 
With the increasing accumulation of fonns the w’ant of a 
fixed nomenclature is now more and more felt. 

Petku Autkiu w’ould have been a great ichthyologist if P. 
Itay or Willugliby had never preceded him. But he was 
fully conscious of tlie fact tliat both had prepared the way 
for him, and tlierefore he derived all possible advantages from 
their works. Born in 1705 in Sweden, he studied with Lin- 
naeus at Upsala ; from an early period he devoted himself 
entirely to the study of fishes, and was engaged in the 
arrangement and description of the ichthyological collection of 
Seba^ a wealthy Ilutchmau who had formed the then jKjrhaps 
richest museum, wdien he was accidentally drowned in one of 
the canals of Amsterdam in the year 1734, at an age of twenty** 
nine yearst His manuscripts w’ei'e fortunately rescued by an 
Englishman, Clilfort, and edited by his early friend littnmns. 


Artec 
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The work is divided into the following parts : — 

1. In the Bibliotheca Ichthyologica ” Artedi gives a very 
complete list of all preceding authors who liave written on 
fishes, with a critical analysis of their works. 

2. The ^^Philosophia Ichtliyologica ” is devoted to a descrip- 
tion of the external and internal parts of fislies ; Artedi fixes 
a precise terininology of all tlie various modifications of the 
organs, distinguishes between those cliaracters which determine 

' a genus ‘and such as indicate a species or merely a variety ; 
in fact he establishes tlie metliod and principles which subse- 
quently have guided every systematic ichthyologist. 

3. The “Genera Piscium” contains well-dermed diagnoses 
of forty-five genera, for which he fixes an unchangeable 
nomenclature. 

4. In the “Species Ifiscium ” descriptions of seventy-two 
species, examined by himscdf, are given ; descriptions whicli 
even now are models of exactitude and method. 

5. Finally, in the “Synonyniia Piscium ” references to all 
previous authors are arranged for every sj)ccies, very much in 
the same manner which is adopted in the systematic works 
of the present day. 

Artedi has l>eeii justly called the Father of Ichthyology. 
iniuBus. So perfect was his treatment of tlie sul ject, that even LiNN/KUS 
could no more improve it, only modify and add to it; and as 
far as Ichtliyology is concerned, Linmeus lias scarcely done 
anything beyond applying binominal terms to the species 
properly described and classified by Artedi. 

Artedi had divided the fishes proper into four orders, viz. 
Malacopterygii, Acanthojytei'ygii^ Branch lost cgi^ and Chondro- 
ptcrygii^ of which the third only, according to our present 
knowledge, appears to be singularly heterogeneous, as it com- 
prises Balutes, Ostracion, Cyclopterus, and Lo^^Mus, Linnceus, 
besides separating the Cetaceans entirely f rom th§ class of fishes 
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abandoned Artedi’s order of Branchiostegi, but substituted a 
scarcely more natural combination by joining it with Artedi’s 
Chondropterygians, under the name of “ Amphibia nantes. 
His classification of the genera appears in the 12tb edition 


of the “ Systema,” thus— 
Amphibia Nantks. 

SpiracAiUs cornposiiU. 

Petromyzon. 

Eaia. 

Squalus. 

Chiraaera. 

Spiraculis solitari is, 

Lophius. 

Acipenser. 

Cyclopterus. 

Balistes. 

Ostracion. 

Tetrodon. 

Diodoii. 

Centriscus. 

Syngnatluis. 

Pegasus. 


Pisces Thoracici. 

Cepola. 

Echeneis. 

Coryphaeiia. 

Gobius. 

Cottus. 

Scorpaena. 

Zeus. 

Pleuronectes. 

Chaetodon. 

Sparus. 

Labrus. 

Scioena. 

Perea. 

Gasterosteus. 

Scomber. 

Mullus. 

Trigla. 

Pisces Abdominales. 


Pisces Abodes. 

Muraena. 

Gymnotus. 

Trichiurus. 

Auarhiclias. 

Ammodytes. 

Ophidium. 

Stromateus. 

Xipluas. 

Pisces Jugui^vres. 
Callionymus. 
Uranoscopus. 
Traehinus. 
Gadtis. 


Cobitis. 

Amia. 

Silurus. 

Teutbis. 

Loricaria. 

Salmo. 

Fistularia. 

Esox. 

Elops. 

Argentina. 

Atlierina. 

Mugil. 

Mormyrus. 

Exocoetus. 

Polyneinus. 

Clupea. 
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Gfonow Two contemporaries of Linncms attempted a systematic 
“ arrangement of fishes ; both had considerable opportunities 
for their study, especially in possessing extensive collections ; 
but neither exercised any influence on the progress of Ichthy- 
ology. The one, L. T. Gronow, a German who resided in 
Holland, closely followed the arrangements proposed by 
Artedi and Linnaius, and increased the number of genera and 
species from the contents of his own museum. He published 
two works, “Museum Ichthyologicum ” (Lugd. 1754-6, fol-Xand 
“Zoophylaciuin”(Lugd. 1763-81, fob) ; a posthumous work, 
containing numerous exceUent descriptions of new forms was 
published by J. E. Gray in 1854 under the title of “ Systema 
Ichthyologicum.” To Gronow also is due the invention of pre- 
paring flat skins of fishes in a dry state, and preserving them 
m the manner of a herbarium. The specimens thus prepared 

y urn belong to the oldest which have been preserved down 
to our time. 


Much less impotunt are the ichthyological labours ot 
J. T. K™ (1685.175!.). They are embocIH i„ five parts 
(Jto) of a work entitle, I "Historia naturalis piscium” 
s«l», 1740-9, 4to.) He .egarded a system merely as the 
means ot rccog, using the various forms ot animals, not as the 

It ” ““m >>7 »Mch an animal eouM be 

minute or' ^ 'tormined. He eschewed all reference to 
series of thcT r U» system is a 

4*«1 «.a , cannot be 

■ ^ cacncc over Klein’s laboum. 


Pupils and The Works nf i . * 

Successors especiallv i f 

England, such as has not b ’ Germany, and 

biological science either before^'' 

pupils and foUowers of Ti 

s of Lmmeus devoted themselves to an 
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examination and study of the fauna of their native countries, 
others proceeded on voyages of discovery to foreign and 
distant countries. Of these latter the following may he 
specially mentioned : — 0. Fahricius worked out the Fauna of 
Greenland, Kalm collected in North America, Hasselquist in 
Egypt and Palestine, Brilnnich in the Mediterranean, Osleclc 
in Java and China, Thunberg in Japan; Forskal examined and 
described the fishes of the Eed Sea; Steller, Fallas, S. T. Gmelin, 
and • Guldenstedt traversed nearly the whole of the Eussian 
Empire in Europe and Asia. Others attached themselves as 
naturalists to the celebrated circumnavigators of the last cen- 
tury, like the two Forsters (father and son), and Solander, who 
accompanied Cook ; Commerson, who travelled with Bougain- 
ville ; and Sonnerat. Numerous new and startling forms were 
discovered by those men, and the foundation was laid of the 
knowledge of the geographical distribution of animals. 

Of those who studied the fishes of their native country the 
most celebrated are Pennant (Great Britain), 0. F, Muller 
(Denmark), Duhamel (France), Meidinger (Austria), Cornide 
(Spain), Parra (Cuba). 

The materials brought together by those and other zoolo- 
gists were so numerous that, not long after the death of 
Linnaeus, the necessity was felt of collecting them in a com- 
pendious form. Several comjnlators undertook this task; 
they embodied the recent discoveries in new editions of 
Artedi’s and Linne s classical works, but not possessing either 
a knowledge of the subject or any critical discernment, they 
only succeeded in covering those noble monuments under a 
mass of confused rubbish. For Ichthyology it was fortunate 
that two men at least, Bloch and LacepMe, made it a subject 
of long and original research. 

Mark Eliezer Bloch, born in the year 1723 at Anspach 
in Germany, practised as a physician in Berlin ; he had reached 


M. E. 
Bloeh. 
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an age of fifty-six years when he commenced to write on 
ichthyological subjects. To commence at his age a work in 
which he intended not only to give full descriptions of the 
species known to him from specimens or drawings, bi\t also 
to illustrate every species in a style truly magnificent for 
his time, was an undertaking of the execution of which an 
ordinary man would have despaired. Yet he accomplished 
not only this task, but even more, as we shall see hereafter. 

His work consists of two divisions ; — 


1. Oeconomische Haturgeschichte der Fische Deutsch- 
lands” (Berk 1782-4, 4to. Plates in fok) 

2. Haturgeschiclite der auskendischen Fische (Berk 
1785-95, 4to. Plates in fok) 

Bloch’s work is uni(pie, and probably will for ever remain 
so. Although Cuvier fifty years later undertook a similar 
general work on fishes, the subject had then become too ex- 
tensive to allow of an attempt of giving illustrations of all 
the species, or illustrations of a similar size and costliness. 

The first division of the work, which is devoted to a de- 
scription of tlie fishes of Germany, is entirely original, and 
based upon Bloch’s own observations. His descriptions as 
well as figures were made from nature, and are, with hut few 
exceptions, still serviceable; many continue to be the best 
existing in literature. 


Bloch was less fortunate and is much less reliable in his 
na ura lustoy of foreign fishes. For many of the species 
0 re y on more or less incorrect drawings and de- 

He!» >'» by purchase. 

Z lat. Z ‘be whole 

After the coatpletion of his Ichthyology Bloch tsccupied 
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himseK with systematic work. He prepared a general system 
of fishes, in which he arranged not only those described in his 
threat work, hut also those with which he had become ac- 
quainted afterwards from the descriptions of others. The 
work was ably edited and published after Bloch’s death by 
a philologist, J. G\ SclineicUr, under the title “ M. E. Blochii 
Systema ichthyologue iconibus cx. illustratum” (Berl. 1801, 

8vo.) The number of species enumerated in it amounts to 
1519. The system is based upon the number of the fins, the 
various orders being termed Hcndecafterygii, Decapterygii, etc. 

We need not add that an artificial method like this led to the 
most unnatural combinations or severances. 

Bloch’s Ichthyology remained for many years the standard 
work, and, by the great number of excellent illustrations, 
proved a most useful guide to the student. But as regards 
originality of thought, Bloch was far surpassed by his con- 
temporary, B. G. E. DE LACErkDE, born at Agen, in France, Lacep^ 
in 1756, a man of great and general erudition, who died as 
Professor of the Museum of N"atural History of Paris in 1826. 

Lacepkle had to contend with great difficulties in the 
preparation of his ''Histoire des Poissons” (Paris, 1798- 
1803, 4to, in 5 vols.), which was written during the most dis- 
turbed period of the French Ee volution. A great part of it 
was composed whilst the author was separated from collections^ 
and books, and had to rely on his notes and manuscripts only. 

Even the works of Bloch and other contemporaneous authors 
remained unknown, or at least inaccessible, to him for a long 
'time. Therefore we cannot be surprised that his work abounds 
in all those errors to which a compiler is subject. The same 
species not only appears under two and more distinct specific 
names, but it sometimes happens that the author understands 
so little the source from which he derives his information 
that the description is referred to one genus and the accoi]^- 
panying figure to another. The names of genera are unduly 
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multiplied ; and the figures with which the work is illustrated 
are far inferior to those of Bloch. Thus the influence of 
LacepMe on the progress of Ichthyology was infinitely less 
than that of his fellow-labourer; and the labour caused to 
his successors by correcting the numerous errors into which 
he has fallen, probably outweighs the assistance which they 
derived from his work. 

The work of the principal cultivators of Ichthyology in 
the period between Eay and Lac(5pede was chiefly systematic 
and descriptive, but also the internal organisation of fishes 
received attention from more than one great anatomist. 
Haller, Caminr, and Hunter, examined the nervous system 
and organs of sense ; and more especially Alexander Monro 
(the son) published a classical work, The Structure and 
Physiology of Fishes explained and compared with those of 
Man and other Animals” (Edinb. 1785, fol.) The electric 
organs of fishes [Torjpedo and Gymnotus) were examined by 
Reaumur, Allanmnd, Bancroft, Walsh, and still more exactly 
by J. Hunter. The mystery of the propagation of the Eel 
called forth a large number of essays, and even the artificial 


propagation of Salmonidie was known and practised by 
Gleditsch (1764). 

Bloch and Lac(ipkle’s works were almost immediately suc- 
ceeded by the labours of Cuvier, but his early publications 
were of necessity tentative, preliminary, and fragmentary, so 
short period elapsed before the spirit infused by this 

grea anatomist into Ichthyology could exercise its influence 

wnrl Several of such antecuvierian 

works must be mentioned on account of their importance to 

Figures of T ^ certain iaunas : the “Descriptions and 

the coif Vizagapatam on 

tile coast of Coromandel” fLond ISO^. o i r in n 

P<^tTick Mussel- and “An hf 1 ^ 

Kiver Can. T ^ of the Fishes found in the 

ite branches- (Edinb. 1822 , 2 vols. in 
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4to), by F. Hamilton (formerly BucTmnan ) — works distin- 
guished by a greater accuracy of their drawings (especially in 
the latter), than was ever attained before. A “ Natural His- 
tory of British Fishes ” was published by E, Donovan (Lend. 
8vo, 1802-8) ; and the Mediterranean Fauna formed the study 
of the lifetime of A. Risso (‘' Ichthyologie de Nice.” Paris, 
1810, 8 VO ; and “ Histoire naturelle de TEurope Meridionale.” 
Paris, 1827, 8vo). A slight beginning in the description of 
the fishes of the United States Avas made by S. X. Mitchell ^ 
who published, besides various papers, a “ Memoir on the 
Ichthyology of New York,” in 1815.^ 

Gr , Cuvier did not occupy himself with the study of fishes G. 
merely because this class formed part of the Efegne animal,” 
but he devoted himself to it with particular predilection. 
The investigation of their anatomy, and especially of their 
skeleton, was taken up by him at an early period, and con- 
tinued until he had succeeded in completing so perfect a frame- 
work of the system of the whole class that his immediate 
successors could content themselves with filling up those details 
for which their master had no leisurei Indefatigable in exam- 
ining all the external and internal characters of the fishes of a 
rich collection, he ascertained the natural affinities of the in- 
finite variety of fishes, and accurately defined the divisions, 
orders, families, and genera of the class, as they appear in 
the various editions of the ‘‘ Eegne animal.” His industry 
equalled his genius : he opened connections with almost every 
accessible part of the globe ; not only French travellers and 
naturalists, but also Germans, Englishmen, Americans, rivalled 
one another to assist him with coUections ; and for many years 
the Museum of the Jardin des Plantes was the centre where 
all ichthyological treasures were deposited. Thus Cuvier 

^ Down to this period the history of Ichthyology is fully treated, in the 
first volume of Cuvier and Valenciennes ** Hist. nat. d. Poiss.” 


Cuvi 
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brought together a collection the like of which had never 
been seen before, and which, as it contains all the materials 
on winch his labours were based, must stiU be considered 
to be the most important. Soon after the year 1820, Cuvier, 
a.ssisted by one of his pupils, A. Valenciennes, commenced 
his great work on fishes, “ Histoire naturelles des Poissons,” 
of which the first volume appeared in 1828. The earlier 
volumes, in wliich Cuvier himself took his share, bear evi- 
dence of the freshness and love with wliich both authors 
devoted themselves to their task. After Cuvier’s death in 
18.32 the work was left entirely in the hands of Valenciennes, 
whose energy and interest gradually slackened, to rise to the 
old standard in some parts oidy, as, for instance, in the treatise 
on the Herring. He left the work unfinished with the twenty- 
second volume (1848), which treats of the Salmonoids. Yet, 
incomplete as it is, it is indispensable to the student. 

There exist several editions of the work, which, however, 
have the same text. One, printed in 8vo, with coloured or 
plain figures, is the one in common use among ichthyologists. 
A more luxurious edition in 4to has a different pagination, 
and therefore is most inoonvenient to use. 


As mentioned above, the various parts of the work are 
very unequally worked out. Many of the species are de- 
scri lec 111 so masterly a manner that a greater excellency of 
method can hardly be conceived. The history of the litera- 
crifiV 1 species is entered into with minuteness and 
snecies * in tlie later volumes, numerous 
tion or Jh' r system without any descrip- 

o/m:e:;tc““c^^ ^ species with one 

fiis life seem's himself, at a late period of 

tion oi 

Zoologists whe^T' ^ commonly observed among 

them a tedious task.^'^Wharis'^®'''”^*''''® ^ 

■ * “^°re surprising is, that a man 
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of his anatomical and physiological knowledge should have 
overlooked the fact that secondary sexual characters are 
developed in fishes as in any other class of animals, and that 
fishes undergo great changes during growth ; and, conse(piently, 
that he described almost all such ‘sexual forms and different 
stages of growth under distinct specific and even generic names. 

The system finally adopted by Cuvier is the following : — 

A. Poissons Osseux. 

I. — A BRANCHIES EN PEIGNES OU EN LAMES. 

1 , A MACHOIRE SUrkRIEURE LIBRE. 

a. A ca^ithopteryfjiem. 

Percoides. Sparoides. Branchies labyrinthiques, 

Polynemes. Ch6todonoides. Lophioides. 

Mulles. Scomberoides. Gobioides. 

Joues cuirass4es. Muges. Labroides. 

Scienoides. 

b. Malacoptery glens. 

Ahdominaux. Suhhracliiens. Apodes. 

Cyprinoides. Sparoides. Murenoides. 

Siluroides. Pleuronectes. 

Salmonoides. Discoboles. 

Clupeoides. 

Lucioides. 

2 . A MACHOIRE SUPkRIEURE FIXEE. 

Sclerodermes. Gymnodontes. 

II. A BRANCHIES EN FORME DE HOUPPES. 

Lophobranches. 

R CaRTILAGINEUX OU CnONDROPTkRYOIENS. 

Sturioniens. Plagiostomes. Cyclostomes. 

We have to compare this system with that of Linnaeus 
if we wish to measure the gigantic stride Ichthyology has 
made during the intervening period of seventy years. The 
various characters employed for classification have been ex- 
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amiiied throughout the whole class, and their relative import- 
ance has been duly weiglied and understood. Though 
Linna 3 us had formed a category of Amphibia nantes for 
fishes with a cartilaginous skeleton, which should coincide 
with Cuvier’s “Poissons Cartilagineux,” he had failed to 
understand the very nature of cartilage, apparently comprising 
by tin's term any skeletal framework of less firmity than ordi- 
nary bone. Hence he considered Lophius, Cydoptems, Syng- 
7 iathis to be cartilaginous fishes. Adopting the position and 
development of the ventral hns as a highly important charac- 
ter, he was obliged to associate fishes with rudimentary and 
inconspicuous ventral fins, hke Tridiiimis, Xipliias, etc., with 
the true Eels. The important category of a “ family ” appears 
now in Cuvier’s system fully established as that intermediate 
between genus and order. Important changes in Cuvier’s 
system have been made and proposed by his successors, but 
in the main it is still that of the present day. 

Cuvier had extended his researches beyond the living 
forms, into the field of paleontology ; he was the first to 
observe the close resemblance of the scales of the fossil 
Palceonisciis to those of the living Polypterus and Lepidosteus, 
the prolongation and identity of structure of the upper caudal 
lobe in 1 alceomscus and the Sturgeons, the presence of peculiar 
f ulci a on the anterior margin of the dorsal fin in Palceoniscus 
and Zepidosfeus: inferring from these facts that that fossil 
^enus was allied either to the Sturgeons or to Ijepidosteus. 
But it did not occur to him that there was a close relationship 
betw een those recent fishes. Ijepidosteus and, with it, the fossil 
genus remained in his system a member of the order of 
Malacopterygii ahdominales. 

It was left to L. Agassiz (born 1807, died 1873) to point 
out the importance of the character of the structure of the 
, and to open a path towards the knowledge of a whole 
new sub-class of fishes, the Ganoidei. 





Impressed with the fact that the peculiar scales of Poly- 
fUrus and Lepidosteus are common to all fossil osseous fishes 
down to the chalk, he takes the structure of the scales 
generally as the base for an ichthyological system, and distin- 
smishes four orders : — 

O 

1. Placoids . — Without scales proper, hut with scales of 
enamel, sometimes large, sometimes small and reduced to 
mere points (Rays, Sharks, and Cyclostomi, with the fossil 
Hyhodontes). 

2. Ganoids . — With angular bony scales, covered with a 
thick stratum of enamel : to this order belong the fossil 
Lepidoides, Sauroides, Pycnodontes, and Coelacanthi ; the 
recent Polypterus, Lepidosteus, Sclerodermi, Gymnodontes, 
Lophobranclies, and Siluroides ; also the Sturgeons. 

3. Ctenoids.— With rough sc<ales, wliicli have their free 
margins denticulated : Chcetodontida), Pleuronectidie, PercidtC, 
Poly acanthi, Sciamida 3 , Sparida), Scorpaiiiidte, Aulostomi. 

4. Cycloids.— With smooth scales, the hind margin of 
which lacks denticulation : Labridie, Mugilidce, Scombridse, 
Gadoidei, Gobiida 3 , Muraiiikhe, Lucioidei, Salmonidiu, Clupeidai, 
Cyprinid^e. 

We have no hesitation in alfirming that if Agassiz had 
had an opportunity of accpiiring a more extensive and inti- 
mate knowledge of existing fishes before his energies were 
absorbed in the study of their fossil remains, he himself would 
have reco<^>'nised the artificial character of his classification. 

O 

The distinctions between cycloid and ctenoid scales, between 
placoid and ganoid fishes are vague, and can hardly be main- 
tained. As far as the living and post-cretacean forms are 
concerned, the vantage-ground gained by Cuvier was aban- 
doned by him ; and therefore his system could never supersede 
that of his predecessors, and finally shared the fate of every 
classification based on the modifications of one organ only. 
But Agassiz has the merit of having opened an immense new 
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• field of research by his study of the infinite variety of fossil 
forms. In his principal work, “ Eeeherches sur les Poissons 
fossiles,” (Neuchatel, 1833-43, 4to, atlas in fob), he placed 
them before the world arranged in a methodical manner, with 
excellent descriptions and illustrations. His power of discern- 
ment and penetration in determining even the most fra"- 
mentary remains is truly astonishing ; and if his order of 
Ganoids is an assemblage, of forms very different from that 
as it is cii'cumscribed now, he was at any rate the first who 
recognised that such an order of fishes exists.* 


Hie discoverer of the Ganovlci was succeeded by their 
J. Muilor. exiilorer, JoirANNF.s Mulleu (bom 1801, died 1858) In his 
dassical memoir “Ueber den Ban und die Grenzen der 
GanoideiG' (Berlin, 1846 ; 4to), he showed that the Ganoids 
c iffeied from all the other osseous fishes, and agreed with the 
I lagiostomes, m the structure of their heart. By this primary 
c laracter, all heterogeneous elements, as Siluroids, Osteoglol 
«d«', ,^c., were eliminated from the order as understood by 
„assi4 11 1 le other hand, ho did not recognise the affinity 

1 cCr distinct 

system BvT^^’ ^ opposite end of the 

preys and Ann I anatomy of the Lam- 

cirtih.dn typical distinctness from other 

two-o;C the types of 

AT - -11 ^ ‘ ‘ > 7 ostomi and Le^ptocardii. 

tioiis of unimportant modifica- 

maintained as the ^ although aU . cannot be 

rtrr - 

the organisation of the I’lf' knowledge of 

ffiiiries have shown that ^ later en- 

posed by him reciuire offi ‘^o^i^hinations pro- 
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Under the name of PJmryngogncdhi he combined fishes 
with the lower pharyngeals coalesced into one hone, yiz. the 
Labroids, Chromides, and Scombresoces. association 

the third family with the two former seemed to himsel . 
somewhat arbitrary proceeding; and it had to e a an one 
a^^ain, when a number of. fishes which cannot be separated 
from the Acanthopterygians, were found to possess the same 

united pharyngeals. c .Uo fishes 

A more natural combination is the union of the Cod-fis 

with the Flat-fishes into the order Anacanthim. Flaf fishes 

are in fact nothing but asymmetrical God-fishes. MuUer 

separates them from the remaining Malacopterygnans by the 

absence of a connecting duct between the air-bladder c 
oesophagus. However, it must be admitted that the examina 
tion of those fishes, and especially of the young stages, is not 
complete enough to raise the cpiestion beyond every doubt 
whether the presence or absence of that duct is an absolutely 
distinctive character between Anacanths and Malacop ery 

of the families established by Cuvier were re. 
examined and better defined by Muller, as may be seen from 
the following outline of his system . • 

Sub-classis I.— Dipnoi, 

Ordo I. — Sirenoidei. 

Fam. 1. Sirenoidei. 

Sub-classis II.— Teleostei. 

Ordo I.— Acanthopteri. 


Fam. 1. Percoidei. 

„ 2. Cataphracti. 

„ 3. Sparoidei. 

4. Scisenoidei. 

5. Labyrinthiformes. 

6. Mugiloidei. 

7. Notacanthini. 

8. Scomberoidei, 






Fam. 9. Squamipennes. 
„ 10. Taenioidei. 

11. Gobioidei. 

„ 12. Blennioidei. 

„ 13. Pediculati. 

„ 14. Theutyes. 

„ 15. Fistulares. 
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Ordo II. — Anacanthini. 
Sub-ordo I — Anacanthini sub-brachii. 
Fam. 1. Gadoidei. 

„ 2. Pleuronectides. 

Sub-ordo II. — Anacanthini apodes. 
Fam. 1. Ophidini. 


Ordo III. — Pharyngognatlii. 

Sub-ordo I.— Pharyngognatlii acanthopterygii. 
Pam. 1. Labroidei cycloidei. 
j) 2. Labroidei ctenoidei. 

)) 3. Chromides. 


Sub-ordo II.— Pharyngognatlii malacopterygii. 
Pam. 1 . Scomberesoces. 

Ordo IV.— Pliysostomi. 

Sub-ordo I.— Physostonii abdominales. 


i'am. 1. Siluroidei. 

» Oyprinoidei. 
ff 3. Cliaracini. 

4. Cyprinodontes. 
ff 5. Mormyri. 

)j 6. Esoces. 


lam. 7. Galaxioe. 

» 8. Salmones. 

9. ScopeJini. 
„ 10 . CJupeidse. 
V 11. Heteropyg 


lam. 12 . Muramoidci. 
” 1 3. Gymnotini. 

» 14. Symbranchii. 


Ordo V.-Plectognathi. 
J'am. 1. Balistini. 

» 2 . Ostraciones. 

” Clymnodontes. 
0*do VI.— Lophobranchii. 
iPam. 1 . Lophobranchi. 
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Sub-classis III. — Ganoidei. 
Ordo I. — Holostei. 

Fam. 1. Lepidosteini. 

„ 2. Polypterini. 

Ordo 11. — Chondrostei. 

Fam. 1. Acipenserini, 

„ 2. Spatularise. 


Sub-classis IV. — Elasmobranclii s. Selaclni. 
Ordo I. — Plapriostomi. 


Sub-ordo I. 

Fam. 1. Scyllia. 

„ 2. Nyctitantes. 

,, 3. Lamnoidei. 

„ 4. Alopecia). 

5. Cestraciones. 


Squalida). 

Fam. G. Ehinodontes. 
„ 7. Notidani. 

„ 8. Spinaces. 

„ 9. Scymnoidei. 

„ 10. Squatinee. 


Sub-ordo II.— Eajida). 

Fam. 11. Squatinoraja). Fam. 14. Trygones. 

„ 12. Torpedines. „ 1^* Myliobatides. 

„ 13. Eaja). „ Cephalopterse. 

Ordo II. — Holocephali. 


Fam. 1. Cliimaene. 


Sub-classis V. — Marsipobrancliii s. Cyclostomi. 
Ordo I. — Hyperoartii. 

Fam. 1. Petromyzoiiini. 

Ordo II. — Hyperotreti. 

Fam. 1. Myxinoidei. 


Sub-classis VI.— Leptocardii. 

Ordo I. — Amphioxini. 

Fam. 1. Amphioxini. 

The discovery (in the year 1871) of a living representative Discovery 
of a genus hitherto believed to be long extinct, Ceratodus, Ceratodus. 
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threw a new light on the affinities of Fishes. The author who 
' had the good fortune of examining this fish, was enabled to 
sliow that, on the one hand, it was a form most closely allied 
to Lqridosiren ; on the other, that it could not be separated 
from the Ganoid fishes, and therefore that also Lepidosiren 
was a Ganoid : a relation pointed at already by Huxley in a 
pievious paper on Devonian bishes. This discovery led to 
Urther considerations^ of the relative cliaracters of Muller’s 
sidj-classes, and to the system which is followed in the pre-’ 
sent work. 


Having followed the development of the ichthyological 
system down to the latest time, we have to retrace our steps 
to enumerate the most important contributions to Ichthyology 
which appeared contemporaneously with or subsequently to 
the publication of Cuvier and Valenciennes’s great work. As 
111 other branches of Zoology, activity increased almost with 

eveiy yeai ; and for convenience’s sake we may arrange these 
works in three rubrics. 


\ OYAOEb, CONTAINING GENERAL ACCOUNTS OF ZOOLOGICAL 

Collections. 

A. French, 

rUrLio^rrrpr°” ^«^^ettes de S. M. 
Frevcinet 7 i commandement de M. 

I82I 4to,' all fl; ^ 

1826-30, 4to,ttksfohl'^'''^^' 

J- Dumont^llville.^r°^''''''’ commandement de M. 
1834, 8vo, atlas fol.) Gaimard." (Paris, 

* Description of ceratodus. “Phil. Trans.,- 1871, «. 
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4 , ..Voyage «u POle Sud par M. J. Dumont dUrville. 

I>oisson8 par ifoniti-oii et /dopiool." (I’atis, 18o - , »0, 

atlas fol.) 

B. English, 

1. .< Voyage of H.M.S. Sulphur. Fishes by 

^° 2 *^‘,<^vtyage of^H.M.S.S. Erebus aud Terror. Fishes by 

J. Biehardson.” (Loud. 1846. 4to.) jemins” 

3 . “Voyage of H.M.S. Beagle. Fishes by L. Jenyns. 

(Loud. ^ Challenger. Fishes by A. Gunther ” 

(in course of publication). 

C. German. 

1. ..Keite dev 68torrcicldsol.eu Freg.itto Novara. Fischo 
von B. Kner.” (Wien. 1865, 4to.) 

II. — Faunae. 

A. Great Britain. 

1. B. Pamdl, “Tl.e Natuml History ot the Fishes ot the 

A History ot the Fishes ot the British 
Islands.” (Loud. 1862-5, 8vo.) 

Denmark and Scandinavia. 

1. H. Kroyer, “ Danmark’s Fiske.” (Kjobnh. 1838 53, 

S. « Skandiuavisk Fauna.- (Vol. IV. Fkhama 

"'“t 'fS: 'j 'W iia.. ■■ Shaudinavians Fishar.” (Stookh. 
1836, 4to, with excellent plates.) 
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C. Russia, 

1. Nordmann, “ Iclithyologie Pontique,” in “ Voyage dans 
la Eussic mei'idionale de Bemidoff.” (Torn. iii. Paris, 1840 
8vo, atlas fol.) 

I). Germany. 

1. Ilcckd and ICmr, “ Dio Siisswasser-fisclio der Oester- 
reichischen Monarchie.” (Leqrz. 1858, 8vo.) 

2. C. T. E. Sichold, “Die Siisswasser-fische von Mittel- 
eurcjpa.” (Loipz. 1863, 8vo.) 


E. Italy and Mediterranean. 

1. Lonaparte, “ leonografia della Fanna Italica” Torn 
Hi. Pesci. (E.mia, 1832-41, fol.) (Incomplete.) 

2. Costa, “ launa del Eegno di Napoli.” Pesci. (Napoli 

4to, about 1850.) (Incomplete.) ^ ’ 


eau.v donees de la 


F. France. 

1. E. Blanchard, “ Les Poissons des 
France.” (Paris, 1866, 8vo.) 

G. Pyrenean Peninsula. 

Tl.e fmslnvater Fislofauna of Spain and Portugal was 
almost unknown, until E. Steindachr^r paid some visits to 

rim' ' ntdis 

■■ “rr ; 

-"r:r::rrn'r’' 

Lisb.”) oitugal. (“ Jorn. Scienc. Acad. 

H. North America. 

1. J. Richardson, “Fautn v a 

m- KshcB. [Uni. mi to , n P" 

™tk are neatly all trem (1 p “ thia 

y oil tton. the Btiteh poaeestons in the North. 
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2. Dehay, “Zoology of New York.” Part IV. Fishes. 
(New York, 1842, 4to.) 

3 “ Eeports of the United States Commission of Fisli and 
Fisheries.” (5 vols. Washingt. 18V3-79, 8vo. In progress. 
Contains most valuable information.) 

Besides these works, numerous descriptions of North 
American freshwater fishes have been published in the 
Reports of the various U. S. Government expeditions, and 
ill North American scientific journals, by Starer, Baird, 
Girard, W. 0. Ayres, Coye, Jordan, Brown Goode, etc. ; but 
a good general, and especially critical, account of the fishes 
of the United States is still a desideratum. 

X. — Japan, 

1. “ Fauna Japonica.” Poissons par H. Scldegel. (Liigd. 
Bat. 1850, fob) 

Z.—East Indies; Tropical parts of the Indian and Pacific Oceans. 

1. E. Rilppell, “ Atlas zu der Reise im Nordlichen Afrika. 

(Frankf. 1828, fob) __ 

2 . A. AMppt'//, “Neue Wirbelthiere. Fische. (Irankb 

1837, fob) ^ ^ 

These two works form the standard works for the student 

of the Fishes of the Red Sea, and are distinguished by a rare 
conscientiousness and faithfulness of the descriptions and 
figures ; so that there is no other part of the tropical seas, 
with the fishes of which we are so intimately acquainted, as 
with those of the Red Sea. But these works have a stilL 
wider range of usefulness, in as much as only a smaU propor- 
tion of the fishes is limited to that area, the majority being 
distributed over the Indian Ocean into Polynesia. RuppeU’s 
works were supplemented by the two first of the foUowmg 

works : — ry • 

1 B. L. Playfair and A. Gunther, “The Fishes of Zanzi- 
bar.” (Lond. 1866, 4to) ; and 
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4. C. B. Klunzinger, “Synopsis cler Fische des Eothen 
Jfeers.” (Wien. 1870-1, 8vo.) 

5. T. Cantor, “ Catalogue of Malayan Fishes.” (Calcutta 
1850, 8 VO.) 

6. F. Day, “ The Fishes of India ” (Lond. 1875, 4to, in 
progress) ; contains an account of the freshwater and marine 
species, and is not yet complete. ' 


(Hamburg, 4to ; 


7. A. Gunther, “ Die Fische der Siidsee.’ 
from 1873, in jirogress.) 

Unsmpassed m activity, as regards the exploration of 
the fish fauna of the East Indian Archipelago, is P. piecJcer a 
surgeon in the service of the Dutch East Indian Government 
(horn 1819, died 1878), wlio, fr„m the year 1840, for nearly 
thirty years, amassed immense collections of the fishes of the 
various islands, and described tl.eni in extremely numerous 
papers, published chiefly in the Journals of the Batavian 
.Society When his descri,,tions and the arrangement of his 
ma enals evoke.l some criticism, it must bo remembered 
that, at the time when he commenced his labours, and for 
many years afterwards, he stood alone, without the aid of 

a previously named collection on which to base his first re 

«eardies, and without other works but that of Cuvier and 

tiituCr*”**'*’ method of dis- 

tmouishiiig species and of describing them - and Au. i 

It would have been difficult for him to T ’ I i 

method and the principles by which he ! cT?'' -T 

» yon,. His .fesire „f -ivi „! V“1 

indivi,!.™., "'■y 

practicable, or of ch-moinsro^ i, spemes wherever 

otherwise. Ifc is .iko s„r • • works would be used 

tomicl k,,„wls,K .1 7"“"f "‘I- '>« »««■ 

otislied »ilh tl,e° merely o'terael 0 “'“'“ 
mens. Bui none of hi., n, ^ ixaminution of the eped- 
hm numerous urtides contain anything 
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relating to the anatomy, physiology, or habits of the fishes 
which came under his notice ; hence his attempts at syste- 
matic arrangement are very far from indicating an advance in 
Ichthyology. 

Soon after his return to Europe (1860) lllceker commenced 
to collect the final results of his labours in a grand work, 
iUustratcd by coloured plates, “Atlas Ichthyologicpie des 
Indes Orientales Neerlandaises.” (Amsterd. fol. 1862); the 
publication of which was interrupted by the author’s death 
in 1878. 

K. — Africa. 

1. A. Gunther, “The Fishes of the Nile” in Pethericks 
“Travels in Central Africa.” (Lond. 1869, 8vo.) 

2. W. Peters, “ Naturwissenschaftliche lleise nach Mos- 
sambique. IV. Elussfische.” (Berk 1868, 4to.) 

L. West Indies and. South America. 

1. L. Agassiz, “ Selccta genera et species Piscium, quae in 
itinere per Brasiliam, collegit J. B. de Spix.” (Monach. 1829, 

to\.) 

2. F. de CastlcTiau, “ Animaux nouveaux ou rares, recueillis 
pendant I’expedition dans les parties centrales de I’Aindrique 
du Sud. Poissons.” (Paris, 1855, 4to.) 

3. A. Gunther, “ An account of the Fishes of the States of 
Central America.” (In Trans. Zool. Soc. 1868.) 

4. Z. Vaillant and F. Bocourt, “Mission scientifique an 
Mexique et dans I’Amerique centrale. Poissons. (Paris, 
1874, 4to.) (In progress.) 

F. Poey, the celebrated naturalist of Havannah, devoted 
many years of study to the Fishes of Cuba. His papers 
and memoirs are published partly in two periodicals, issued 
by himself, under the title of “Memorias sobre la Histona 
natural de la Isle de Cuba” (from 1851), and “Kepertorio 



32 


FISHES. 


Pisico-natural de la Isla de Cuba ” (from 1865), partly in 
North American scientific journals. And, finally, F. Stein- 
dachner has publislied many contributions, accompanied by 
excellent figures, to our knowledge of the Pishes of Central 
and South America. 

M. — Neiv Zealand. 

1. F. r. Hutton and J. Hector, “ Pislies of New Zealand.” 
(Wellingt. 1872, 8vo.) 


N. — Arctic Rcfjions. 

1. G. Lutkm, “A revised Catalogue of the Pishes of 
Greenland,” in “Manual of the Natural History, Geology, and 
I hysics of Greenland.” (Loud. 1875, 8vo.) Although only a 
nonnna list, this catalogue is useful, as it contains references 
to all the pnncipal works in which Arctic fishes have been 
C cscii )e( . Hie fishes of Spitzliergen were examined hy A J 
Malmgren (1865). 


111.— ANATOMICAL WoKK.S. 

anatomy of 

fishes IS almost as great as tl.at of fimnists ; and we should 
tt rC molt mentioned more 

and F. M. Balfour worked at tl T 

and ^-^^-AcGat their histolog^^^^^^^^^^ 

treated by ^ Bahkcr, F. C 1/ r 

Gegfnhaur; the nervous sv nnd C. 

Stannim, L. de Sanctis, I ^sm^ I 

the organ of hearing 

G. Betzius. The electnV n n ^ • JReher, 0. Hasse, and 
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G, Matteuciy P, Paciniy T. BilharZy and Max Schultze. The 
development and metamorphosis of the Lamperns was made 
the subject of research by H, MulleVy M, Schultzey and P, 
Owsjannikow; Muller’s examination of BmncJiiostoma was, 
continued by J. Marmscriy A. Kovalevslcyy L. Stieday W, 
MulUfy C. Hassey T, Huxley y and F, M. Balfour, The most 
comprehensive accounts of the anatomy of fishes are con- 
tained in the following works : — 

1. H StanniuSy “Zootomic der Fische,” 2d edit. (Berk. 

1854, 8vo.) 

2. R. OweUy ‘VAnatomy of Vertebrates,” vol. i. (Bond. 

1866, 8vo.) 

3. R, OweUy Lectures on the Comparative Anatomy and 
, Physiology of the Vertebrate Animals.” Part I. Fishes. 

(Lend. 1846, 8vo.) 

4. T, Huxley y '' A Manual of the Anatomy of Vertebrated 
Animals.” (Loud. 1871, 16mo.) 

It has been mentioned, above that the great work of Cuvier Latest 
and Valenciennes had been left incomplete. Several authors, 
therefore, supplied detailed accounts of the orders omitted in 
, that work. Milller and Heiile published an account of the 
Plagiostomes, and Kaup of tlie Munenidic and Lophobranchii. 

A, Dicm^rily finally, commenced an “ Histoire naturelle des 
Poissons ou Ichthyolqgie gen&*ale,” of which, however, two 
volumes only appeared, containing a complete account of the 
“Plagiostomes” (Paris, 1865, 8vo), and of the “Ganoids and 
Lophobranchs.” (Paris, 1870, 8vo.) 

So great an activity had prevailed in Ichthyology since 
the publication of the “Histoire naturelle” by Cuvier and 
Valenciennes, and the results of the manifold enqiuries w§re 
scattered over such a multitude of publications, that it became 
imperative to collect again all these materials in one com- 
^ prehensive work. This was done in the “ Catalogue of Fishes,” 

D 
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pubUshed by the Trukees of the British Museum, in eight 
volumes (LoncL 1859-70). Beside the species previously de- 
scribed many new forms were added, the number total of 
species referred to in those volumes amounting to 8525. As 
regards the systematic arrangement — Muller’s system was 
adopted in the main, but the definition of the families is much 
modified. This, however, need not be further entered into 
here, and will become sufficiently apparent in the subsequent 
parts of the present work. 



Fig. 1, — Lower aspect of head of Raia lemprieri. 
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In the body of a fish four parts are distinguished; the 
Uad, trunk, tail, and the fin^i between the 

first and second being generally indicated by the gdl-o„, 
and that between the second and third by the vent. The form 
of the body and the relative proportions of those prmcipa 
parts are subject to inucli variation, such as is not oun in 
any other class of Vertebrates. In fishes which are endowe 
with the power of steady and more or less rapid locomotion, 
a deviation from that form of body, which we observe in a 
perch, carp, or mackerel, is never excessive. The o y orms a 
simple, equally-formed wedge, compressed or slightly rounded, 
well fitted for cleaving the water. In fishes whic i are in e 
habit of moving on the bottom, the whole body, or at least the 
head, is vertically cUpres.sed and flattened; the head may be so 
enormously enlarged that the trunk and tail appear merely as 
an appendage. In one family of fishes, the Beuror^cMce or 
Flat-fishes, the body is- compressed into a thin dis , ey 
swim and move on one side only, which remains constant^ 
directed towards the bottom, a peculiarity by which the 
symmetry of all parts of the body has been affected. 
lateral compression of the body, in conjunction with ® § 
ening of the vertical and a shortening of the longitudinal 
axis, we find in fishes moving comparatively slowly throng 



36 


FISHES. 


the water, and able to remain (as it were) suspended in it. 
This deviation from the typical form may proceed so far that 
the vertical axis greatly exceeds the longitudinal in length ; 
generally all the parts of the body participate in this form, but 
in one kind of fish (the Sun-fish or OrtKagoriscus) it is chiefly 
the tail which has been shortened, and reduced so much as 
to present the appearance of being cut off. An excessive 
lengthening of the longitudinal axis, with a shortening of the 
vertical, occurs in Eels and eel-like fishes, and in the so-called 
Band-fishes. They are bottom-fish, capable of insinuating 
themselves into narrow crevices and holes. The form of the 
body of these long fish is either cylindrical, snake-like, as in 
the Eels and many Codfishes, or strongly compressed as in 
the Band-fishes {Trichiurus, Eegalecus, etc.) It is chiefly the 
tail which is lengtliened, but frecpiently the head and trunk 
participate more or less in this form. Every possible variation 
occurs between these and otlier principal types of form. The 
old ichthyologists, even down to Linmeus, depended in great 
measure on them for classification; but although often the same 
form of body obtains in the same group of fishes, similarity of 
foim by no means indicates natural affinity ; it only indicate^ 
similitude of habits and mode of life. 


The external parts of the Eead,—T\\Q Eye divides the head 
into the ante-orlital and posUorlital portion. In most fishes, 
especially in those with a compressed head, it is situated on 
t le side and in the anterior half of the length of the head ; in 
many, chiefly those with a depressed head, it is directed up- 
wards, and sometimes situated quit^ at the upper side; in 
veiy ew, the eyes look obliquely downwards. In the Elat- 
shes both eyes are on the same 5ide of the head, either the 

the l u V that which is directed towards 

the light, and coloured. 

laiJitr “f ^ith other Vertebrata, have 

eyes. Sometimes these organs are enormously enlarged, 
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their ^eat size indicating that the fish is either nocturnal, or 
lives at a depth to which only a part of the sun’s rays pene- 
trate On the other hand, small eyes occur in fishes inhabit- 
ing muddy places, or great depths to which scarcely any light 
descends or in fishesnn which the want of an organ of sight 
is compensated by the development of other organs of sense. 

In a few fishes, more particularly in those inhabiting caves 
or the greatest depths of the ocean, the eyes have become 

quite rudimentary and hidden under the skin , 

In the ante-OTlital portion of the head, or the Snout, 
are situated the mouth and the nostrils. 

The Mouth is formed by the intermaxillary and maxillary 
bones or. by the intermaxillary only in the upper jaw, an 
by the mandibulary bone in the lower. These bones are 
either bare or covered by integument, to which frequent y 
labial folds or lips are added. As regards form, the mouth 
offers as many variations as the body itself, m accor ance 
with the nature of the food, and the mode of ieedmg it 
may be narrow, or extremely wide and cleft to nearly the hin 
margin of the head; it may be semi-elliptical, semicircular 
or straight in a transverse line; it may be quite in front o 
the snout {anterior), or at its upper surface {mpcrior), ov at 
its lower {inferior), or extending along each side {Moral), 
sometimes it is sub-circular, organised for sucking. e jaws 
of some fishes are modified into a special weapon of attack 
(Sword-fish, Saw-fish) ; in fact, throughout the whole class o 
fishes the jaws are the only organ specialised for the purpose 
of attacking ; weapons on other parts of the body are pure y 

defensive. , 

Both jaws may be provided with skinny appendages, har- 

hels, which, if developed and movable, are sensitive organs o 

the majority of fishes the Nostrils are a double opening Nostri 
on each side of the upper surface of the snout ; the openings 
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of each side being more or less close together. They lead into 
a shallow groove; and only in one family (the Myxinoids) 
perforate the palate. In this family, as well as in the Lam- 
preys, the nasal aperture is single. In many Eels the open- 
ings are lateral, the lower perforating the upper lip. In the 
Sharks and Eays (Fig. 1, p. 34) they are at the lower surface 
of the snout, and more or less confluent ; and, finally, in the 
Dipnoi and other Ganoids, one at least is within the labial 
boundary of the mouth. 

The space across tlie forehead, between the orbits, is called 
tlie inter-orUtal space ; that below the orbit, the infm-orUtal 
or mh-orbital remon. 

o 


Gill-covor. 


Gill. 

openiug. 


In the post~orhital part of the head there are distinguished, 
at least in most Teleosteous Fishes and many Ganoids, (Fig. 
24) the pTceoperculuMy a sub-semicircular bone, generally with 
a free and often serrated or variously-armed margin ; the 
operculum, forming the posterior margin of the gill-opening, and 
the subopcrculum and inter-opercidimi along its inferior margin. 
i\ll these bones, collectively called operdes, form the gill-cover, 
a thin bony lamella covering the cavity containing the gills. 
Sometimes they are covered with so thin a membrane that 


the single bones may be readily distinguished; sometimes 
«iey are hidden under a thick integument. In some cases the 
mter-operculum is rudimentary or entirely absent (Siluroids). 

Gill opening is a foramen, or a slit behind or below the 
load, by which the water which has been taken up through 
the mouth for the purpose of breathing is again expelled. 

IS sht may extend from the upper end of the operculum all 
roup le side of the head to the symphysis of the lower jaw ; 
or It may be shortened and finally reduced to a smaU opening 

gill-cover. Sometimes 

fortri ? n*""” <^«^esce, and 

ex ernally appeaie as a single opening only The 

» P^vide., with a fnC 
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in order to more effectually close the gill-opening; and this 
fringe is supported by one or several or many bony rays, the 
Irc^'h-iostegals. The space on the chest between the two 
rami' of the lower jaw and between the gill-openings is called 
the isthmus. 

The Sharks and Eays‘ differ from the Teleosteons and 
Ganoid fishes in having five branchial slits (six or seven in 
Hexanchus and Eeptanchus), which are lateral in the Sharks, 
and at the lower surface of the head in the Eays (Fig. 1, p. 34). 
In Myxine only the gill-opening is at a great distance from 



Fig, 2.-“Head of Mordacia mordax, showing the single 
nostril, and seven branchial openings. 

the head ; it is either single in this family (Cyclostomi), or 
there are six and more on each side (Fig. 2). 

In the Trunk are distinguished the hack, the sides, and the 
abdomen. It gradually passes in all fishes into the ra^/;Tail. 
the termination of the abdominal cavity and the commence- 
ment of the tail being generally indicated by the position 
of the vent. The exceptions are numerous : not only certain 
abdominal organs, like the sexual, may extend to between the 
muscles of the tail, but the intestinal tract itself may pass far 
backwards, or, singularly, it may be reflected forwards, so 
that the position of the vent may be' either close to the 
extremity of the tail or to the foremost part of the trunk. 

In many fishes the greater part of the tail is surrounded 
by the fins, leaving only a small portion (between dorsal, 
caudal, and anal fins) finless ; this part is called the free por- 
tion or 1;he peduncle of the tail. 
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Fins. The Fins are divided into vertical or unpaired, and into 
horizontal or faired fins. Any of them may be present or 
absent ; and their position, numbet, and form are most im- 
portant guides in determining the affinities of fishes. 

The vertical fins are situated in the median dorsal line, 
from the head to the extremity of the tail, and in the ventral 
lino of the tail. In fishes in which they are least developed 
or most embryonic, the vertical fin appears as a simple fold of 
the skin surrounding the extremity of the tail. In its further 
progress of development in the series of fishes, it gradually ex- 
tends more forwards, and may reach even the head and vent. 
Even in this embryonic condition the fin is generally supported 
by fine rays, which are the continuations of, or articulated to, 
other stronger rays supported by the processes or apophyses’ 
of the vertebral column. Tliis form of the vertical fin is very 
common, for instance in the Eels, many Gadoid, Blennioid 
and Ganoid fishes in which, liesides, the rays have ceased to 


be simple rods, showing more or less 
numerous joints (simple artimlated rays ; 
Eig. 3). Branched rays are dichotomically 
split, the joints increasing in number to- 
wards the extremity. 

The continuity of the vertical fin, 
however, is interrupted in the majority of 
fishes; and three fins then are distin- 
guished ; one in the dorsal line— the dorsal 
fin ; one in the ventral line behind the 
anus— the anal fin ; and one confined to 
the extremity of the tail-the candal fin. 
The mudal fin is rarely symmetrical, 
4 . Branched ray (soft). so at its upper half would be equal to 

metry obtains in fiis^ril^!^ 

vertebral column u erocercal termination of the 
^bsequently, Figs. 31, 41). In fishes in 



Fig. 3. 

!• Simple ray. 

2. Spine. 

3. Simple articulated 
ray (soft). 
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which it is nearly symmetrical it is frequently prolonged into 
an upper and lower lobe, its hind margin being concave or more 
or less deeply excised ; in others the hind margin is rounded, 
and when the middle rays greatly exceed in length the outer 

ones the fin assumes a pointed form. 

Many and systematically important differences are ob- 
served in the dorsal fin, which is either spiny-rayed (spinous) 
(Acanthopterygian), or soft-rayed {Malacoptcrygian). In the 
former, a smaller or greater number of the rays are simple 
and without transverse joints; they may be flexible, or so 
much osseous matter is deposited in them that they appear 
hard and truly spinous (Fig. 3) ; these spines form always the 
anterior portion of the fin, which isdetached from,or continuous 



Fig. 4.— Labrax lupus (Bass), an Acanthopterygian with anterior spinous, 
and posterior soft dorsal fin. 


with, the remaining jointed rays. The spines can be erected 
or depressed at the will of the fish ; if in the depressed posi- 
tion the spines cover one another completely, their points 
lying in the same line, the fish is called homacanth; but i 
the spines are asymmetrical, alternately broader on one^ side 
than on the other, the fish is called Meracanth. The spinous 
division, as well as the one consisting of jointed rays, may 
again be subdivided. In the Malacopterygian type all the 
rays remain jointed ; indeed, sometimes the foremost ray, with 
its preceding short supports, is likewise ossified, and a hard 
spine, but the articulations can nearly always be distinctly 
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traced. Sometimes the dorsal fin of Malacopterygian fishes is 
very long, extending from the head to the end of the tail, some- 
times it is reduced to a few rays only, and in a few cases it is' 



Fig. 5._Saurus un,losq„a,ai«, M.^lacopterygiau with anterior 
solt dorsal, and additional adipose fin. 

I"" to the rayed dorsal fin, many 

c coop erygian fishes (as tiie Salmonoids, many Siluroids 
Scopelotds, etc.) have another of greater or lesser eLnt, witl!’ 

it is calleTa / If f!'' deposited witliin this fold, 

led a. fatty fin {pinna adiposa). 

majll sTntf " '' t ? dorsal, and 

Acanthonterv ^ entirely absent; in 

A^nthopterygtans its foremost rays are frequently simple Ind 

pectorals an^vtiiLk'^'''''""' 

hom^bgreTofth!*'' f f supports) are the 

either symmetrical with behind the gill-opening; 

metrical with the * ^’^^ded posterior margin, or asym- 

copterygb:f 

frequently developed into -t '^PP®^ pectoral ray is 

. ventral 

inserted on the abdomin 1 tind-limbs, and 

thoracim), or in advance "or s. Pinms 

^ey are generally narrow c J^9ulares). 

y compMed of a small number of 



FitTS. 


43 


,1. outer of which is frequently osseous. In some stneU 
^np^f fishes, hhe the Gobies, the fins eoslesce end fern, 

a suctorial disk. 



Fig. 6.-Salmo salar (Salmon), with abdominal ventral fins. 



Fig. 7.-Mullus barbatus (Red Mullet), with thoracic ventral fins. 



Fig. 8.-Burbot (Lota vulgaris), with jugular ventral fins. 

For the definition of the smaller systematic groups, and 
the determination of species, the numbers of the “ 

rays are generally of the greatest importance. T 
good, especially for the ventral rays, by the number of whic 
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the Acanthoptorygian affinities of a fish can nearly always he 
determined. The numbers of -the dorsal and anal rays gene- 
rally correspond to the number of vertebrae in a certain 
portion of the spine, and are therefore constant specific, 
generic, or oven family characters; but when their number 
is very great, a proportionally wide margin must be allowed 
for variation, and the taxinomic value of this character be- 
comes uncertain. The numbers of the pectoral and caudal 
rays are rarely of any account. 


Function 
of the 
Fins. 


The fins are organs of motion ; but it is chiefly the tail 
and the caudal fin by which the fish impels itself forward. 
To execute energetic locomotion the tail and caudal fin are 
strongly bent, with rapidity, alternately towards the right 
and left ; whilst a gentle motion forwards is effected by a 
simply undulating action of the caudal fin, the lobes of which 
act like the blades of a screw. Eetrograde motions can be 
made by fish m an imperfect maimer only, by forward-strokes 
0 le pectoral fins. When the fish wants to turn towards the 

left he gives a stroke of the tail towards the right, the right 
pectoral acting simultaneously, whilst the left remains ad- 
pressed to the body. Thus the pectoral fins assist in Z 
progressive motions of the fish, but rather directing its course 

»hich i,!iv T"*"'" “'o "i®'’ 

vonw !]»? r*"”' ” •'“> “'1 

and falls on tlio ' ^ removed, the fish loses its balance 

anal fins the mottaotrhe fi’i* 

fish deprived of all fins a, w t ^ 

tellj npmris, the iLk beilort^h 

■ In nnmetons if “ '““T 

«»•« to pass a loLet S I 

g or shorter time in soil periodi- 
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f !:rr tr r — : --- 

OptiocephaM®. 

pat Dart of their life over swampy giDuml, or through more 
fr less eonsistent mud. this function of the ventral Sns ceases, 
and that nature can readily dispense with these organs 

“‘T»«ain fishes the shape and function of the fins are 
considerably modified : thus, in the Pmys, locomotion is almost 
™”mly effeoted and regulated by the broad and expanded 
pectoml fins acting with an nndulatory 

Ls similar to the undulations of the long vertical fins of he 
rla;fishes; in many Bleniiies the 
forwalkinv on the sea-bottom; in some Gohioids 
• «*«), Mgloids, Scorpamioids, and Pedieulati. the pectoral 

fins are perfect organs of walking; m the 
Gobies, Oyelopteri. and Wscoboli the ventral 
fins are transformed into an adhesive c is , 
and finally in the Flying-fish, in which the 
pectorals act as a parachute. In the Eels 
and other snake-like fishes, the swimming 
as well a, the gliding motions are effected Fi;- 
by several curvatures of the hmly, almrnate 

towards the rightand left, re.«smhlingthelocomotionolto 

In the ISpismthi (Pipe-fishes) and }hrpotamp. w y 

limits of but a slight degree of lateral 

caudal fin is genemlly small, if present at all, to™ «» « 
very limited, and almost wholly dependent on the action of 
the dorsal fin, which consists of a rapid undo ating ^ 

The ,K« of fishes is either covered with sciJes, or 
or provided with more or less numerous scuto ■>' « > 

forms and sises. Some parts, lihe the head and fins, are more 
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fr(^quent]y naked than scaly. All fishes^ provided with 
electric organs, the majority of Eels, and the Lampreys, are 
naked. Scales of fishes are very different from those of 
Eeptiles; the latter being merely folds of the cutis, whilst 
the scales of fishes are distinct horny elements, developed in 
grooves or pockets of the skin, like hairs, nails, or feathers. 


• Very small or rudimentary scales are 
extremely thin, homogeneous in struc- 
ture, and more or less imbedded in 
the skin, and do not cover each other. 

When more developed, they are im- 

Fig. lo.-cycioid scale of bricated (arranged* in the manner of 

tiles), with the posterior part extruded 
and free, tlie surface of the anterior portion being usually 
covered by the skin to a greater or less extent. On their 


Fig. 10.— Cycloid scale of 



Fig. 11.— Cycloid scale of Scopelus 
resplendens (magn.) 


surface fFigs. 10 and 11) may 
be observed a very fine striation 
concentric and parallel to the 
margin, and coarser strife radi- 
ating from a central point to- 
wards the hind margin. Scales 
without a covering of enamel, 
with an entire (not denticu- 
lated) posterior margin, an.d 
with a concentric striation, are 
called Cycloid scales. Ctenoid 


species only the^layer nearestto^th 
denticulations hi 

been termed ^paroJILlTs • T^Uh^T T 

scales is by no means Th 1 a^d 1 

arp, and there are even intermediate 
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forms between the cycloid and ctenoid types. Both kinds of 





Fig. 14. — Ctenoid scale of Gobius 
ommaturus (magn.) 


Fig. 15. — Ctenoid scale of 
Letlirinus (magn.) 


scales may occur not only in species of the 
same genus of fishes, but in the same fish. 

Ganoid scales are hard and bony, covered 
with a layer of enamel ; they are generally 
rhombic or quadrangular, rarely rounded and 
imbricate ; and arranged in oblique rows, 
those of one row being linked together by 
an articulary process. This type of scales. Fig. 16. 
common in fossil Ganoid fishes, occurs Ganoid Scales, 

among recent fishes in Le^idosteus and Polypterus only. 
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Finally, in Sharks, the Balistidae, and others, true scales 
are absent and replaced by the ossified papillae of the cutis, 
which give the surface the appearance of ine-grained chagreen. 



Fig. 17.— Dermal papillje of Monacanthiis trossulus. 



Fig. 18. Dermal pnpillaj of Moiiacantlius liippocrepis (magn.) 


These generally small bodies, as well as the large osseous 
scutes of tlie Rays, Sturgeons, etc., have been comprised 
under the common jiame Plmoid scales; a term which 
desemdly is being abandoned. . 

Along the side of the body of osseous fishes runs a series 
0 perforated scales, which is called' the lateral Ime (Fig. 
-1). The perforating duct is sim]jlc at its base, and may 





Fig. 19.— Cycloid scale from the lateral 
hue of Odax Jineatus (magn.) 


opening (Fig. 19), or (and this 
is Irecpiently the case) the 
portion on t] |e free surface of 
the scale is iumified (Fig. 20), 
Tlie lateral line runs from 
the head to the tail, some- 
times reaching the caudal 


fin somcHmo. f • . reaching the caudal 

ing over its ravs^ advanc- 

fishes than " T" 

Hues the unner ' several lateral 

abdominal oithue”''^ the lower the 

°-thne, one running along the middle as usual. 
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The scales of the lateral line are sometimes larger than 
the others, sometimes smaller, sometimes modified into scutes. 



sometimes there are no other scales beside them, the rest of 
body being nahed. The foramina of the lateral line are the ou - 
lets of a miiciferous duct which is continued on the hem , 
running along the infraorbital bones, and sending off a bran h 
into the praiopercular margin and mandible. In many fishe , 
as in many Sciainoids, Gadoids, and in numerous 
fishes, the ducts of this inuciferous system are extraordinarily 
wide, and generally filled with mucus, which is congealed or 
contracted in specimens preserved in spirits, ^ells *rgain 
when the specimens are immersed in water. . ns s>s em 
abundantly provided with nerves, and, there ore, las een 
considered to be the seat of a sense peculiar- to fishes, but 
there cannot be any doubt that its function is the e^cretmn 
of mucus, 'altliougli probably mucus is excieted also fro 


entire surface of the fish. 

The ecalee, their etrocture. number «hd armngemenl, am 
an important charaeter tor the determination of fishes i in most 
scaly ilehes they are arranged in oblitiue transve.se senes; 
and as the number of scales in the lateml line generally cor- 
responds to the number of transveise senes, it IS asm o 
eount the scales in that Hue. To micertain the number of 
longitudinal series of scales, the scales am counted m one oi 
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> the transverse series, generally in that running from the com- 
mencement of the dorsal fin, or the middle of the back to the 



li;;. 21. Arraiif'cineiit ot scales in tlio Roach (Leucisciis ratilus) '.LI — Lateral 
line ; ^ r = Transverse line. «, Transverse line from lateral line to ventral fin. 

lateral line, and from tlie lateral line down to the vent or 
ventral fin, or middle of the abdomen.^ 

I he s(hiles of many fislios arc modided for special pur- 
poses, especially to form weapons of defence or a protective 
inmour, but the details of such modifications are tetter men- 
tioned under the several families in which they occur. All 
scales are continnally growing and wasting away on the 
surface, and it seems tliat some fish, at least,— for instance, 
mcnoids shed them periodically;, during the progress 
ot tins .sliecldin. the outlines of the scales are singularly 


arr.nse.lin.lO nnsve!t f • l'«ad and caudal fin are 

posefortfie 4 ..* .atemi ,i„e ^ 00.. 

are ekrhtloricritiulinoi , L. tr.insv. would express that there 

the lateral line and five ^'b \ the median line of the back and 

abdomen. ’ Hne and the middle of the 
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TEEMINOLOGY and TOrOC^EAPHY OF* THE SKELETON. 

[N order to readily comprehend the subsequent account of 
ihe modifications of the skeleton in the various sub-classes 
and groups of Fishes, the student has to acquaint himself with 
the terms used for the numerous hones of the fish skeleton, 
as well as with their relative position. Tlie skeleton ot any 
of the more common kinds of osseous fish may serve for this 
purpose ; that of the Perch is chosen here. 

The series of bones constituting the axis of the body, and 
destined to protect the spinal chord and some large longi- 
tudinal blood-vessels, is called the vertebral or spinal column ; 
the single hones are the vertehrce. The skull consists of the 
hones surrounding the brain and organs of sense, and 
number of arches suspended from it, to support the com- 
mencement of the aUmentary canal and the respiratory 

organs. . 

The vertebra (Fig. 22) consists of a ‘body or centrum (c), 

with a concave anterior and posterior surface, and gene- 
rally of several processes or apophyses, as 1. Two neura 
pophyses (na), which, on the dorsal side, rising upwards, 
the neural arch over the canal, in which the spinal cior 
is lodged. 2. Two parapophyses {pa) usually projecting from 
the lower part of the sides of the body, or two hcema 
pophyses (Jia) which actually coalesce to form on the ventra 
side the hsemal canal for a large trunk of the vascular sys- 
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' tern. 3. A neural spine (?^s), which crowns the neura- 
pophyses, or is interposed between their tips. 4. A licemal 
spine (lis), having the same relation to the liaBmapophyses. 



Fig. 22. Side and Front view of Fish-vertebra. 


5. Two plcurapophjm or floating ribs, suspended from, or 
from the base of, the parapophyses. 6. In most fishes the 
neural arches are connected together by articular or oblique 
processes, zygapophyses {za), wliich are developed from the base 
of each neurapophysis. 
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The vertebra are either abdomirml or caudal vertehr® 
the coalescence of the parapophyses into a complete haemal 
rincr and the suspension of the anal fin generally forming a 
sufficiently well-marked boundary between abdominal and 
caudal regions (Fig. 23). In the Perth there are twenty- 
ordlominal and as many caudal vertebne. The centrum 
of the first vertebra or atlas is very short, with the apo- 
physes scarcely indicated, and lacking ribs like the suceeedmg 
vertebra. All the other abdominal vertebne, with the ex- 
ception of the last or two last, are provided with ribs, many 
of which are bifid C72). A series of fiat spines (74), called 
interneurals, to which the spines and rays of the dorsal 
fins are articulated, are supported by the neural spines, the 
strength of the neurals and interneurals corresponding to 
that of the dernal spines (75). The caudal vertebra 
differ from the abdominal in having the luemapophyseal 
elements converted into spines similar to the neurals, the 
anterior being likewise destined to support a series of 
interlmmals (79), to which the anal rays are articuktec. 
The last and smallest caudal vertebra articulates wi le 
hypural (70), a fan-like lione, which, together with t le 1 1 a e 
hindmost neural and hffiinal elements, supports t le cam a 


Looking at a perch’s slcull from the side (Fig. 24), the 
most superficial bones will be found to be those of the jaws, 
a chain of thin bones round the lower half of the eye, and the 

opcrclos. 

The anterior margin of the upper jaw is formed by the 
intermaxillary or premaxillary (17) which bears teet , ^ 
minates in a pedicle above, to allow of a forward slidmg moLon 
of the jaw, and is dilated into a flat triangular process behind, 
on which leans the second bone of the upper jaw, tew 
xilary (18). This bone is toothless, articulates with the vomer 
and palatine bone, and is greatly dUated towards its distal 
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extremity. Both the maxillary arid interiuaxillary lie and 
move paraUel to each other, being connected by a narrow 
membrane ; in many other fishes their relative position is very 

different. j i 

The mandihle or dower jaw consists of a right and left 

ramus ; their union by a ligament in front is called symi>hysis. 
Each ramus is formed of several pieces ; that which, by a 
sigmoid concavity articulates with the quadrate, is the 
artimlary bone (35) ; it sends upwards a coronoid process, to 
which a ligament from the maxillary and the masticatory 
muscles arc attached; and forwards a long-pointed process, 
to be sheathed in the deep notch ol the anterior piece. A 
small separate piece (36) at the lower posterior angle of the 
mandible is termed awjidar. The largest piece (34) is tooth- 
bearing, and hence termed dentary ; at its inner surface' it is 
always deeply excavated, to receive a cylindrical cartilage, 
called Meckel’s cartilaye, the remains of an embryonic con- 
dition of the jaw, the articulary and angular being but ossified 
parts of it. In other Telcostei this number is still more in- 
creased by a splenial and other bones. 

The mfraorhital ring of bones (Fig. 23, 19) consists of 
several (four) pieces, of which the anterior is the largest, and 
distinguished as iwceorhitaL 

The so-called (30) belongs rather to the bones 
of the suspensoriuni of the mandible, presently to be described, 
than to the opercles j)roper. It is narrow, strong, angularly 
bent, so as to consist of a vertical and horizontal limb, with 
an incompletely closed canal running along botM&limbs. As 
it is quite a superficial bone, and frequently armed with 
various spines, its form and configuration form an important 
item in the descriptive details of many fishes. 

The principal piece of the gill-cover is the operculum (2^) 
triangular in shape, situated behind, and movabfy united 
with, the vertical limb of the prsebperculum. There is an 
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irticulary cavity at its upper anterior angle for its junction 
iitli the hyomandihular. The oblong lamella below the 
Iperculum is the suhojperculnm (32), and the one in front of 
fhis latter, below the horizontal limb of the prieoperculurn, 
is the inUro'percvXum (33), which is connected by ligament 
Lith the angular piece of the lower jaw, and is also attached 
L the outer face of the hyoid, so that the gill-covers cannot 
[open or shut without the hyoid apparatus executing a corre- 
sponding movement. 

The chain of flat bones which, after .the removal of the 
temporal muscles, appear arranged within the inner concavity 
of the prieoperculum (Tig. 24), are comprised with the latter 
under the common name of mandibidary siispmsorium. They 
connect the mandible with the cranium. The uppermost, the 
ejpitym^anic or hyomandihular (23), is articulated by a double 
articulary head with the mastoid and posterior frontal. An- 
other articulary head is destined for the opercular joint. The 
mesotijmpanic or symidectic (31) appears as a styliform prolonga- 
tion of the lower part of the hyomandibular ; is entirely 
cartilaginous in the young, but nearly entirely ossified in the 
adult. The position of this bone is noteworthy, because, 
directly inwards of its cartilaginous junction with the hyo- 
mandibular, there is situated tlie uppermost piece of the 
hyoid arch, the stylo-hyal. The next bone of the series is the 
^retymjpanic or metaytcrygoid (27), a flat bone forming a bridge 
towards the pterygoid, and not rarely absent in the teleosteous 
sub-class. Finally, the large triangular hypotymjpanic or 
quadrate (26) has a large condyle for the mandibulary 
joint. 

The palatine arch (Fig. 26) connects the suspensorium with 
the anterior extremity of the skull, and is. formed by three 
bones : the entopterygoid (25), an oblong and thin bone attached 
to the inner bolder of the palatine and pterygoid, and increas- 
ing the surface of the bony roof of the mouth towards the 
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median line ; it constitutes also the floor of the orjjit. The 
pterygoid (24) (or os transvcrsum) starts from the guadrate, and 
is joined by suture to the palatine, whicli is toothed/ and 
reaches to the vomer and anterior frontal. 

In the occipital region there are distinguished the hasi- 
oceig>ital (5), readily recognised hy the conical excavation corre- 
sponding and similar to that of tlie atlas, with which it is 
articulated through the intervention of a capsule filled with a 
gelatinous substance (tlie remains of the notochord) ; the cJ- 
occipitals (10), articulated, one on each side, to the basi/ccipital 
and expanding on tlie upper surface of that bone so as to 
meet and support tlie spinal column; a superficial thin 
lamella (13), siitiirally connected witli the exoccipitals, not 
constant m fishes, and erroneously believed by Cuvier to be the 
petrosat (os petrosum) of higher animals; furtlier, the paroeci- 
IpMs (9), winch are wedged in between the exoccipitals and 
supraompital. This last bone (8) forms the key of the arch 
over the occipital foramen, and raises a strong high crest from 
the whole leneti, ^ 

p.tal nJge. comms from e«d, side „t tl,e hose of this spine 
™ outwords laterally to the external angles of the bone 

“rrs::' f-- > --- 

bv timf f >«>•* Of the skull is formed 

y muflicnovl {pirasplunml of Huxley) (6) This very 
- narrow b„„„ exfrmds frp.„ the basiLdpiM ^nl 

n"X is o "‘'"’-."’“"'"““o™ iutororbital septum. Ante- 
the fchelunrtn 

p.f«te.andisb«wl't:S 

broad bones risino- fi. xr’ (H) are short 

margins are suturallv basisphenoid ; their posterior 

Obd ex-oedpS " <•» ‘>■0 



SKELETON. 


57 


The formation of the posterior part of the side of the skull 
is completed by the tmstoid and parietal bones. The former 
(12) projects outwards and backwards farther than the paroc- 
cipital, forming the outer strong process of the side of the 
cranium. This process lodges on its upper surface one of the 
main ducts of the muciferous system, and affords the base 
of articulation to a part of the hyomandilnilar. Its extre- 
mity gives attachment to the strong tendon of the dorso- 
lateraf muscles of tlie trunk. The parictals (7) are flat bones, 
of comparatively much smaller extent than in higher Verte-- 
hrates, and separated from each other by the anterior prolonga- 
tion of the supra-occipital. 

The anterior wall of the brain-capsule (or the posterior of 
the orbit) is formed by the m'bitosplicnoids (14), between which, 
superiorly, the olfactory nerves, and inferiorly, the optic, pass 
out of the cranium. In addition to this paired bone, the 
Terch and many other fishes possess another single bone (15), 
the os sphenoideum anterius of Cuvier, ethmoid of Owen, and 
hasisphcnoid of Huxley ; it is Y-shaped, each lateral branch 
being connected witli an orbitosplienoid, whilst the lower 
branch rests upon the long basal bone. 

A cartilage, the substance of which is thickest above the 
vomer, and which extends as a narrow stripe along the inter- 
orbital septum, represents the ethmoid of higher Vertebrata ; 
the olfactory iieiwes run along, and finally perforate it. 

There remain, finaUy, the bones distinguishable on the 
upper surface of the skull; the largest, extending from the nasal 
cavities to the occipital, are the frontal bones (1), which also 
form the upper margin of the orbit. The postfrontals (4) are 
small bones placed on the supero-posterior angle of the orbit, 
and seiVing as the point from which the infraorbital ring is 
suspended. The prefrontals (2), also small, occupy the anterior 
margin of the orbit. A pair of smaU tubiform bones (20), the 
turUnals, occupy the foremost part of the snout, in front oi 
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the frontals, and are separated from each other by intervening 
cartilage. 

After removal of the gill-cover and mandibiilary snspen- 
sorium, tlie hyoid arch, which encloses the branchial apparatus, 
and farther behind, the humeral arch are laid open to view 
(Fig. 25). These parts can be readily separated from the 
cranium proper. 

The hyoid arch is suspended l)y a slender styliform bone, 
t\\cistylohyal (29), from the hyomandibnlars; it consists of three 
segments, the einhyal (37), cercUohyal (38), which is the longest 
and strongest piece, and the haHihyal, whicli is formed by two 
juxtaposed pieces (39, 40). Between the latter there is a 


median styhform ossicle (41), extending forwards into the sub- 
stance of the tongue, called glossohyal or os linguale; and below 
the junction of the two hyoid branches there is a vertical single 
bone (42), expanded along its lower edge, which, connected by 
ligament with tlie anterior extremity of the humeral arch, 
forms the isthmus separating the two gill-openings. This 
bone is called the urohyal Articulated or attached by liga- 
ments to tlie epihyal and ceratohyal are a number of sword- 
shaped bones or rays (43), the hranchiostegalsy between which 
the branchiostegal membrane is extended. 


T\x^hranchial arches (Figs. 25 and 27) are enclosed within 
the hyoid arch, with which they are closely connected at the 
base. They are five in number, of which four bear gills, whilst 
the fifth (56) remains dwarfed, is beset with teeth, and caUed the 
lower pharyngeal bone. The arches adhere by their lower ex- 
ties to a chain of ossicles (53, 54, 55), hasibranchialsy and, 
vin^ as they ascend, nearly meet at the base of the cranium, 
0 w nc 1 they are attached by a layer of ligamentous and 
cellukr tesue. Each „t tho firet ttao branchial arches consists 
of four pieces movably connected with one another. The 
owest IS the h^a^hM (57), the nert mnch longer one (68) 
the cratcira^M. and, above this, a slender and a sLni 
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irre"ularly-shaped epibramhicd (61). In the fourth arch the 
hypohranchial is absent. The uppermost of these segments 
(62), especially of the fourth arch, are dilated, and more or less 
confluent ; they are beset with fine teeth, and generally dis- 
tiimuished as the upper pharyngeal hones. Only the cerato- 
hranchial is represented in the fifth arch or lower pharyngeal. 
On their outer convex side the branchial segments are 
grooved for the reception of largo blood-vessels and nerves ; on 
the inner side they support horny processes (63), called the 
gill-rahers, which do not form part of the skeleton. 

The scapular or humeral arch is suspended from the skull 
by the (suprascapula) post-temporal (46), which, m the Perch, 
is attached by a triple prong to the occipital and mastoid bones. 
Then follows the (scapula) sup-aclavicula (47), and the arch is 
completed below by the union of the large (coracoid) clavi- 
cula (48) with its fellow. Two flat bones (51, 52), each with 
a vacuity, attached to the clavicle have been determined as 
the (radius and ulna) coracoid and scap^da of higher verte- 
brates, and the two series of small bones (53) intervening 
between the forearm and the fin as carpals and metacarpals. 
A two-jointed appendage the (epicoracoid) post-clavwula, is 
. attached to the clavicle ; its upper piece (49) is’ broad and 
lamelliform, its lower (50) styliform and pointed. 

The ventral fins are articulated to a pair of flat triangular 
bones, bones (80). 

The bones of the skuU of the fi.sh have received so many 
different interpretations that no two accounts agree in their 
nomenclature, so that their study is a matter of considerable 
difficulty to the beginner. The following synonymic table will 
tend to overcome difficulties arising from this cause ; it contains 
the terms used by Cuvier, those introduced by Owen, and finally 
the nomenclature of Stannius, Huxley, and Parker. Those 
adopted in the present work are printed in' italics. The 
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numbers refer to the figures in the accompanying woodcuts 
(Figs. 23-27). 


1. Frontal principal 

2. Frontal anterieur 

3. Ethmoid 

4. Frontal posterieur 

5. Basilaire 

6. Sphenoitle 

7. Parietal 

8. Interparietal or occi- 

pitjil supericuro 

9. Occipital externo 


10. Occipital lateral 

11. Grande aile du 

sphenoide 

12. Mastoidien 

13. Eoclier • 

14. Aile orbitaire 

15. Sphenoide anterieur 

16. Vomer 

17. Intermaxillaire ^ 

18. Maxilljfire superieur 

19. Sousorbitaires 

20. Nasal 

22. Palatine 

23. Temporal 

24. Transverse 


Frontal 

Prefrontal 

Nasal 

Postfrontal 

Pasioccipital 

Basisphenoid 

Parietal 

d* Siipraoccipital 

Paroccipital 

Exoccipital 

A lisphenoid 

Mastoid 

Petrosal and 
Otosteal 
Orbitosphenoid 

Fthmoid and 

Ethmoturbinal 

Yomtjr 

Inter- or Pre- 
maxillary 
Maxillary 


Stannius. Huxley^ Parker^ et< 

Os frontale . 

Os frontale Lateral ethmoid 

anterius (Parker) 

Os etlirnoideum 
Os frontale Sphenotic 

posteriiis (Parker) 

Os basilare 

Os sph enoideum Sometimes referred 
basilare to as BasaV 

Os parietale • 

Os occipitale 
superius 

Os occipitale Epioticum 

externum (Huxley) 

Os occipitale 
laterale 

Ala temporalis Prooticum 


Epioticum 

(Huxley) 

Prooticum 

{Huxley) 


Us mastoideum / 

+ osextriiscapulare ) Op'sthotienm' 
Obei'fiachlicho ) + Squamosal 

Knochen-lamolle ( (H^ley) 

Ala orbitalis Alisphenoid 
(Huxley) 

Os sphenoideum Basisphenoid 
anterius (Huxley) 

Vomer 

Os intermaxillare 


Max'Mlary Qs maxillare 

Inf raorhital ring Ossa infraorbitalia 
Twrhinal Os tenniiuale 


Palatin 

Epitympanic 


Os palatinum 
utympanic Os temporale ayonwndibuUr 

crygoid Qs transversum 

s. pterygoideum 
externum 

topterygoid Os pterygoideum Mesopterygoid 

(Parker) 

S Q«<^dra(e (Huxley) 

ympamc Os tympanicum Metapterygoid 

(Huxley) 

Pterotic of Parker. 


Pterygoid 


25. Pterygoidien interne EnlopterygoU 


26, Jugal 

27. Tympanal 


Hypotympanic 

Pretympanic 



SYNONYMIC TABLE. 


61 


Cu'cur, Owen, Stannius. Huxley, Parker, etc, 

28. Operculaire Operculum Operculum 

29. Styloide Stylohyal Os styloideum 

30. Preopercule Proeopcrculum Prieoperculuni 

31. Symplectiquo Mesotyinpanic Os symplecticum 

32. Sousopercule Sahoperculum Suboperculiim 

33. Interopercule Interopcrculum Interoperculum 

34. Dentaire JDentary Os dentale 

35. Articulaire Arliculary Os articularo 

36. Angulaire Angular Os angulare 


39. ) Petites pieces Basihyal 

40. latcralcs 


41. Os lingual 

Glossohyal 

Os linguale s. 




entoglossum 


42. Queue de Pos hyoide 

Urohyal 


Basibranchiostegal 




(Parker) 

43. Rayon branchiost^ge 

Branchiostcgal 

Radii branchio- 




stegi 


46. Surscapulaire 

Suprascapula 

Omolita 

Post-temporal 




(Parker) 

47. Scapulaire 

Scapula 

Scapula 

8upraclavicula 




(Parker) 

48. Humeral 

Coracoid 

Clavicula 

ClaviculU (Parker) 

\ Coracoid 

50. 5 

Epicoracoid 


Postclavicula 

(Parker) 

51.. Cubital 

Radius 

1 Ossa carpi 

Coracoid (Parker) 

52. Radial 

Ulna 

Scapula (Parker) 

53. Os du carpe ' 

Carpals 

Ossa metacarpi 

1 Basalia (Huxley), 

( Bracliials (Parker) 

63 bis. ) 



64. > Chaine miQimQ^idiheBasibranchials 

Copula 


65. ) 





66. Pharyngiens inferieurs Lower Ossa pliaryngea 

Pharyngcals inferiora 
57. Pi^ce interne de partie Hypohranchial 
inferieure de I’arceau 
brancliiale 

68. Pi^ce externe ,, Ceratdbranchial 

69. Stylet de premiere Upper epibrancliial 

arceau branchiale of first branchial 

arch * 

61. Partie sup6rieure de Epibranchials ' 

I’arceau brancbiale 

62. Ospharyngian Pharyngo- Os pharyngeum Upper pharyngcals 

superieur branchial superius 

63. Gill-rakers 

66. Kayons de la pectorale Pectoral rays Brustflossen- 

Strahlen 


Segmente der 
Kiemenbogen- 
Schenkel 


Segmente der 
Zungenbein- 
Sclieiikcl 


37. Grandes pieces EiyihyaZ 

38. laterales Ceratohyal 
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Cuvier. 


Owen. Stannius. Huxley, Parker, ck. 


67j 68. Vorthbres (ihclominuJcs u4dclo7ninal verle- Bauchwirbel 

dree 

69. Vert^bres caudales Caudal vertehree Scliwanzwirbel 

70. Plaque triangulaire et [Aggregated Verticale Platte Hijpural (Huxlcv) 

verticale interluemals] ^ 

Caudal rays Sehwanzflossen 
Stralilen 

72. Cote Jill) Rippen 

73. Appendices or stylets Epipleural S 2 nnes Muskel-Grathen 

74. Interepineux Interncural sinnes Ossa interspinalia 


75. Opines et rayons 
dorsales 


76. 

78. 

79. Apophyses epineuses 

inferieures 

80. 

81. 


s. obere Flossen- 
tra^ger 

Dorsal rays and Riickenflossen- 
spines Stralilen ii. 

Stacheln 

First inter neural 
liudimentary 
caudal rays 

Tnterhmmxl ^jt-iuiCA'Untere Flossen* 
trseger 

Puhic Becken 

? eiitral spine Bauchflossen- 

Stachol 



CHAPTER IV. 


MODIFICATIONS OF THE SKELETON. 

The lowermost sub-class of fishes, which comprises one 
form only, the Lancclet (Branchiostoma [s. Amphioxus] lanceo- 
latum, possesses the skeleton of the most primitive type. 



Fig. 28. — Brancliiostoiiia laiiceolatum. 
a, Mouth ; Vent ; c, abdominal porus. 


The vertebral column is represented by a simple chorda 



Fig 29.— Anterior end of body of Branchiostoma (magn.) ' 
d. Chorda dorsalis ; e, Spinal chord ; /, Cartilaginons rods ; Eye ; 
h, Branchial rods ; i, Labial cartilage ; Oral cirrhi. 

dorsalis or notochord only, which extends from one extremity 
of the fish to the other, and, so far from being expanded into 
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a cranial cavity, it is pointed at its anterior end as well as at 
its posterior. It is enveloped in a simple membrane like the 
spinal chord and the abdominal organs, and there is no trace 
of vertebral segments or ribs ; however, a series of short carti- 
laginous rods above the spine evidently represent apophyses. 
A maxillary or hyoid apparatus, or elements representing 
limbs, are entirely absent. 

[J. lyiller, Ueber den Ibau nnd die Lebensei’scheiniingen des Bmnekio- 
stoma luhricum, in Abhandl. Ak. Wiss. Berlin, 1844.] 

The skeleton of the Cyclostomata (or Marsipobranchii) 
(Lampreys and Sea-hags) shows a considerable advance of 
development. It consists of a notochord, the anterior pointed 
end of which is wedged into the base of a cranial capsule, 
partly membranous partly cartilaginous. This skull, there- 
fore, is not movable upon the spinal column. No vertebral 
segmentation can be observed in the notochord, but neural 
arches are represented by a series of cartilages on each side 
of the spinal chord. In Petromyzon (Tig. 30) the basis cranii 
emits two prolongations on each side : an inferior, extending for 
some distance along the lower side of tiie sjjinal column, and 
a lateral, which is ramified into a skeleton su])porting the 
branchial apparatus. A stylohyal process and a subocular 
arch with a palato-pterygoid portion may be distinguished. 
The roof of the cranial capsule is membranous in Myiyinc and 
in the larvce of Petvomyzon, but more or l®ss cartilaginous in 
the adult PetTomyzon and in Pdellostovia, A cartilaginous 
capsule on each side of the hinder part of the skull contains 
the auditory organ, whilst the olfactory capsule occupies the 
anterior upper part of the roof. A broad cartilaginous lamina, 
starting from the cranium and overlying part of the snout, 
has been determined as representing the ethmo-vomerine 
elements, whilst the oral organs are supported by large, very 
peculiar cartilages {labials), greatly differing in general con- 
figuration and arrangement in the various Cyclostomes. There 
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are three in the Sea-lamprey, of which the middle one is 
joined to the palate by an intermediate smaller one ; the fore- 



Fig. 30. — Upper (A) and side (B) views, and vertical section (C) of the skull of 
Petroinyzon marinus. 

a, Notochord ; Basis cranii ; c, Inferior, and d, Lateral process of basis ; e, 
Auditory capsule ; /, Subocular arch ; y, Stylohyal process ; h, Olfactory 
capsule ; i, Ethmo-vonierine plate ; k, Palato-pterygoid portion of subocular 
arch ; l-n, Accessory labial or rostral cartilages ; with o, appendage ; p, 
lingual cartilage ; neural arches ; r, Branchial skeleton ; s. Blind termina. 
tion of the nasal duct between the notochord and cesophagus. 


most is ring-like, tooth-bearing, emitting on each side a styli- 
fornx process. The lingual cartilage is large in all Cyclostomes. 

F 
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There is no trace of ribs or limbs. 

[J. Miiller, Vcrgleichende Anatomie der Myxinoidcn. Erster Theil. 

Osteologio und Myologie, in Abhandl. Ak. Wiss. Berlin, 1835.] 

The Chondropterygians exhibit a most extraordinary diver- 
sity in the development of their vertebral column; almost 
every degree of ossification, from a notochord without a trace 
of annular structure to a series of completely ossified vertebral 
being found in this order. Sharks, in which the noto- 
chord is persistent, are the Holocephali (if they be reckoned 
to this order, and the genera Notidamis and Ecliinorhinus), 
Among tlie first, Chinicera moiistrosa begins to show traces of 
segmentation ; but they are limited to the outer sheatli of the 
notocliord, in which slender suliossified rings apjiear. In 
Notidaiius membranous septa, with a central vacuity, cross 
the substance of the gelatinous notochord. In the other 
Sharks the segmentation is complete, each vertebra having a 
deep coni(%al excavation in front and behind, with a central 



Fig. 31. Heterocercal Tail of Ceiitriiia salviaoi. 

..a, VertebrjB; h, Neurapophyses ; c, Haimapophyses. 


canal through which the notochord is continued ; but the 
degree in which the primitive cartilage is replaced by con- 
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centric or radiating lamellje of bone varies greatly in the 
various genera, and according to the age of the individuals. 
In the Hays all the vertebne are completely ossified, and the 
anterior ones confluent into one continuous mass. 

In the majority of Chondropterygians the extremity of the 
vertebral column shows a decidedly hcteroccrcal condition 
(Fig. 31), and only a few, like Squatina and some Hays, possess 
a diphycorcal tail. 

The advance in the development of the skeleton of the 
Chondropterygians beyond the primitive condition of the pre- 
vious sub-classes, manifests itself further by the presence of 
neural and luumal elements, which extend to the foremost 
part of the axial column, but of which the luxunal form a 
closed arch in the caudal region only, whilst on the trunk 
they appear merely as a lateral longitudinal ridge. 

The neural and haanal apophyses are cither merely 
attached to the axis, as in Chondropterygians with per- 
sistent notochord, the Hays and some Sharks ; or their basal 



Fig. 32. 

Fig. 32.— Lateral view. Fig. 33.— Longitudinal section. Fig. 34.— IVansverse 
section of Caudal vertebra of Basking Shark (Selache maxima). (After Hasse.) 
df Centrum ; 6, Neurapopliysis ; c, lutercrural cartilage ; d, Hccmapophysis ; c, 
Spinal canal;/, Intervertebral cavity ; f/, Central canal for persistent portion of 
notochord ; Haemal canals for blood- vessehs. 

portions penetrate like wedges into the substance of the 
centrum, so that, in a transverse section, in consequence of 
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the difference in their texture, they appear in the form of 
an xd The interspaces between the neurapophyses of tlie 
vertebne arc not filled by fibrous membrane, as in other 
fishes, but by separate cartilages, laminm or cartilagines 
inter crumles, to which frecpiehtly a scries of terminal pieces 
is superadded, which must be regarded as the first appear- 
ance of the interneural spines of the Teleostei and many 
Ganoids. Similar terminal pieces are sometimes observed on 
the hiemal arches. Bihs are either absent or but imperfectly 
rexiresented ( C archarias ) . 

The sulistance of tlie shull of tlie Chondropterygians is 
cartilage, interrupted es])ccia,lly on its upper surface by more 
or less extensive libro-membranons fontanelles. Sux^erficially 
it is covered by a more or less t^iick chagreen-like osseous 
deposit. The articulation with the vertebral column is 
effected by a pair of lateral condyles. In the Sharks, be- 
sides, a central conical excavation corres]:)onds to that of the 
centrum of the foremost vertebral segment, whilst in the 
Eays this central excavation of - the skull receives a condyle 
of tlie axis of the sx’iinous column. 

The cranium itself is a continuous undivided cartilage, 
in which tlie limits of . tlie orbit are well marked by an 
anterior and x^osterior protuberance. The ethmoidal region 
sends horizontal plates over the nasal sacs, the apertures of 
which retain • tlieir embryonic situation ux)on the under 
surface of the skull. In the majority of Chondroptery- 
gians these ])lates are conically xiroduced, forming the base 
of the soft projecting snout ; and in some forms, especially 
in the long-snouted Eays and the Saw-fishes (Pristis) this 
prolongation appears in the form of three or more tubiform 
rods. 

^ C. Hasse has studied the modifications of the texture of the vertehrie 
and the structure of the Chondropterygian skeleton generally, and shown that 
they correspond in the main to the natural groups of the system, and, conse- 
quently, that they offer a valuable guide in the determination of fossil remains. 
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As separate cartilages there are appended to the skull a 
suspensorium, a palatine, mandible, hyoid, and rudimentary 
maxillary elements. 

The suspensorium is movably attached to the side of the 
skull. It generally consists of one piece only, but in some 
Eays of two. In the Eays it is articulated with the mandible 
only, their hyoid possessing a distinct point of attachment to 
the skull. In the Sharks the liyoid is suspended from the 
lower end of tlie suspensorium togetlier witli the mandible. 

Wliat is generally called the upper jaw of a Shark is, as 
Cuvier has already stated, not tlie maxillary, but palatine. 
It consists of two simple lateral halves, each ot which articu- 
lates with the corresponding lialf of the lower jaw, wliicli is 
formed by tlie simple representative of Meekers e<artilage. 

Some cartilages of various sizes are generally developed 
on each side of tlie palatine, and one on each side of the 
mandible. They arc called labial cartilages, and seem to 
represent maxillary elements. 

The liyoid consists generally of a pair of long and strong 
lateral pieces, and a single mesial piece. I rom the former 
cartilaginous filaments (representing branchiostegals) 
directly outwards. Branchial arches, varying in number, 
and similar to the hyoid, succeed it. They are suspended 
from the side of the foremost part of the spinous column, and, 
like the hyoid, bear a number of filaments. 

The vertical fins are sujiported by interneural and inter- 
haemal cartilages, each of which consists of two and more 
pieces, and to which the fin-rays are attached without articu- 
lation. 

The scapular arch of the Sharks is formed by a single 
coracoid cartilage bent from the dorsal region downwards and 
forwards. In some genera (Scyllium^ Sqiiatind) a small sepa- 
rate scapular cartilage is^ attached to the dorsal extremities 
of the coracoid; but in none of the Elasmobranchs is the 
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scapular arch suspended from the skull or vertebral column ; 
it is merely sunk, and fixed in the substance of the muscles. 
Behind, at the point of its greatest curvature, three carpal 
cartilages are joined to the coracoid, which Gegenbaur has 
distinguished as 'pro'pteryijmm, meso'pterygmm, and metaptery- 
gium, the former occupying the front, the latter the hind 
margin of the fin. Several more or less regular transverse 
series of styliform cartilages follow. They represent the 
phalanges, to wliich the horny filaments wliich are imbedded 
in the skin of the fin are attaclied. 

In the Bays, with tlie exception of Torpedo, the scapular 
arch is intimately connected with tlie contluent anterior por- 
tion of the vertebral column. The anterior and posterior 
cai’pal cartilages are followed by a series of similar pieces, 
which extend like an arch forwards to the rostral portion of 
the skull, and l)ackwards to the pubic region. Extremely 
numerous phalangeal elements, long(‘st in the middle, are sup- 
ported by the carpals, and form the skeleton of the lateral 
expansion of the so-called dish of the Bay’s l)ody, which thus, 
in fact, is nothing but the enormously enlarged pectoral 
fin. 

The pulie is represented by a single median transverse 
cartilage, with which a tarsal cartilage articulates. The latter 
supports the fin-rays. To the end of this cartilage is also 
attached, in the male Chondropterygians, a peculiar accessory 
generative organ or clasper. 

The Holocepliali diller from the other Chondropterygians 
in several important points of the structure of their skeleton, 
and approach unmistakably certain Ganoids. That their 
spinal column is persistently notochordal has been mentioned 
already. Their palatal apparatus, with the suspensorium, 
coalesces with the skull, the mandible articulating with a 
short apophysis of the cranial cartilage. The mandible is 
simple, without anterior symphysis. The spine with which 
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the dorsal fin is. armed articulates with a neural apophysis, 
and is not immovably attached to it, as in the Sharks. The 
pubic consists of two lateral halves, with a short, rounded, 
tarsal cartilage. 

The skeleton of the Ganoid Fishes offers extreme varia- 
tions with regard to the degree in wliich ossifications replace 
the primordial cartilage. Whilst some exhibit scarcely any 
advance beyond^ the Plagiostomes with persistent cartilage, 
others approach, as regards the development and specialisa- 
tion of the several parts of tlieir osseous framework, the 
Teleosteans so closely that tlieir Ganoid nature can be 
demonstrated by, or inferred from, other considerations only. 
All Ganoids possess a separate gill-cover.'^ 

The diversity in the development of the Ganoid skeleton 
is well exemplified by the few representatives of the order in 
the existing Fish- fauna. Lowest in the scale (in this respect) 
are those with a persistent notochord, and an autostylic skull, 
that is, a skull without separate suspensorium— the fishes 
constituting the sub-order Dipnoiy of which the existing repre- 
sentatives are Lc^idosiven^ ProtoptevuSj and CeTatoduSy and the 
extinct (as far as demonstrated at present) DipteruSy Chirodus 
(and PhaneToplenro7i ?), In these fishes the notochord is 
persistent, passing uninterruptedly into the cartilaginous base 
of the skull. Only now and then a distinct vertical segment- 
ation occurs in the caudal portion of the column, but it does 
not extend to the notochord itself, but indicates only the 
limits between the superadded apophyseal elements, each 
neural being confluent with the opposite ha3mal. Some Dipnoi 
are diphy-, others hetero-cercal. 

^ The Ganoids formed at former epochs the largest and most important 
order of fishes, many of the fossil forms being known from very imperfect 
remains only. It is quite possible that not a few of the latter, in which 
nothing whatever of the (probably very soft) endoskeleton has been preserved, 
should have to be assigned to some other order lower in the scale of organisa- 
tion than the Ganoids (for instance, the Cephalaspidce), 
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Neural and hoemal elements and ribs are well develoj)ed. 
In Cemtodus each neurapophysis consists of a basal cartila- 
ginous portion, forming an arch over the myelon, and of a* 
superadded second portion. The latter is separated from the 
former by a distinct line of demarcation, and its two branches 
are more styliforrn, cartilaginous at the ends and in the centre, 
but with an osseous sheatli, and coalesced at the top, forming 
a gable over an elastic fibrous band whicl\ runs along and 
parallel to tlie longitudinal axis of the column {Ligcwientum 
longitiuUnale su'pcrius). To the top of this gable is joined a 
single long cylindrical neural spine. From the eleventh 
apophyseal segment a distinct internenral spine, of tlie same 
structure as the neural, begins to be developed, and farther on 
a second internenral is superadded. Towards the extremity 
of the column these various pieces arc gradually reduced in 
size and number, finally only a low cartilaginous band (the 
rudiments of the neurapophysis) remaining. Tlie hccma^o^liy- 
ses are in form, size, and structure, very similar to the neura- 
pophyses ; and all these long bones, including the ribs, have 
that in common, that they consist of a solid rod of cartilage 
enclosed in a bony sheath, which, after the disappearance or 
decomposition of the cartilage, appears as a hollow tube. 
Such bones are extremely common throughout the order of 
Ganoids, and their remains have led to the designation 
of a family as Godacantlii (/cotXo?, hollow ; and aKavOo^, 
spine). 

The primordial cranium of the Dipnoi is cartilaginous, 
but with more or less extensive ossifications in its occipital, 
basal, or lateral portions, and with large tegumentary bones, 
the arrangement of which varies in the different genera. 
There is no separate suspensorium for the lower jaw. 
A strong process descends from the cranial cartilage, ahd 
offers by means of a double condyle (Fig. 35 s) attach- 
ment to corresponding articulary surfaces of the lower jaw. 
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Maxillary and intermaxillary elements are not developed, 
but, perhaps, represented in 
Ceratodus by some inconstant 
rudimentary labial cartilages 
situated behind the posterior 
nasal opening. Facial cartil- 
ages and an infraorbital ring- 
are developed at least in Cctcl- ^ 
todies. The presence of a pair 
of small teeth in front indicates 
the vomerine portion {v) which 
remains cartilage, whilst the 
posterior pair of teeth are im- 
planted in a pterygO -palatine Fig. 35.— Palatal view of Skull of 

ossification (/), wliich some- Ctiatodus. 

times is paired, sometimes continuous. The base of the skull 
is constantly covered by a large basal ossification (o). 

The hyoid is well developed, sometimes reduced to a pair 
of ceratohyals, sometimes with a basihyal and glossyliyal. 
The skeleton of the Iranchial aiiiiaratiis approaches the Tele- 
osteous type, less so in LopidosiTcii than in Covettodus^ in which 
five branchial arches are developed, but with the lateral and 
mesial pieces reduced in number. 

A large operculum, and a smaller sub- or inter-operculum 

are present. 

The scapular arch consists of a single median transverse 
cartilage, and a pair of lateral cartilages which bear the 
articular condyle for the pectoral limb. The latter cartilages 
form the base of a large membrane-bone, and the whole 
arch is suspended from the skull by means of an osseous 
supraclavicle. 

The fore-limb of the Dipnoi (Fig. 36) differs externaUy 
greatly from the pectoral fin of other Ganoid fishes. It is 
covered with small scales along the middle, from the root 
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to its extremity, and surrounded by a rayed fringe similar to 
tlie vertical fin. A muscle split into 
numerous fascicles extends all the length 
of the fin, which is flexible in every part 
and in every direction. The cartilagin- 
. ous framework supporting it is joined to 
the scapular arch by an oblong cartilage, 
followed by a broad basal cartilage (a), 
generally single, sometimes showing 
traces of a triple division. Along the 
middle of tlie fin runs a jointed axis (h), 
tlie joints gradually becoming smaller 
and thinner towiird*s the extremity ; 
each joint bears on each side a three, 
two, or one-jointed branch (c, d). This 
axial arrangement of the pectoral skele- 
ton, which evidently represents one of 
its first and lowest conditions, has been 
termed Arclii'pUrygmm by Gegenbaur. 
It is found in Ccratodus and other 
genera, but in Lepidosiren the jointed 
axis only has been preserved, with the 
addition of rudimentary rays in Fro- 
topterus. 

The puhic consists of a single 
flattened subquadrangular cartilage, produced into a long 
single anterior process. Posteriorly it terminates on each 
side in a condyle, to which the basal cartilage of the ventral 
paddle is joined. The endoskeleton of the paddle is almost 
identical with that of the pectoral. 

The Ganoid fishes with persistent notochord, but with a 
hyostylic skull (that is, a skull with a separate suspensorium) 
consist of the sub-order Clwndrostei, of which the existing 
representatives are the Sturgeons {Acipenser^ ScaphirhynchuSy 



Fig. 36. — Fore-limb of 
Ceratodus. 
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Polyodon), and the extinct the Chondrosteidce, Palmoniscidce, 
and (according to Traquair) Platysomidw. 

Their spinal column does not differ essentially from that 
of the Dipnoi. Segmentation is represented only as far as the 
neural and hsemal elements arc concerned. All are eminently 
heterocercal. Ribs are present in most, hut replaced by liga- 
ments in Polyodon. 

The primordial cranium of the Sturgeons consists of per- 
sistent cartilage without ossifications in its substance, hut 
superficial bones are still more developed and speciahsed than 
in the Dipnoi ; so it is, at least, in the true Sturgeons, hut less 
so in Polyodon (Fig. 37). Tim upper and lateral parts of the 
skull are covered by well -developed memhrane lones, which, 



?t. Nasal cavity ; sq, squamosal ; 'tyih. hyomandibular ; symplectic , pet, 
palato-pterygoUl ; m, Meckelian cartilage ; mx, maxillary ; d, dentary ; h, 
hyoid; op, opercle ; br, hranchiostegal ; s.d, supra-clavioular ; p.d, post- 
clavicular ; cZ, clavicle ; i.cl, iiifra-clavicular. 

from this sub-order, upwards in the series, will be found to exist 
throughout the remaining forms of fishes. They are bones, 
the origin of which is not in cartilage but in membranous 
connective tissue. The lower surface of the skull is covered 
by an extremely large basal bone, which extends from the 
vomerine region on to the anterior part of the spinal column. 
The nasal excavation in the skull is rather lateral than inferior. 
The ethmoidal regioli is generally much produced, forming 
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the base of the long projecting snout. The suspensorium is 
rnovahly attached to the side of tlio skull, and consists of 
two pieces, a hyomandibular and a syinplcctic, which now 
appears for the first time as a separate piece, and to which 
the hyoid is attached, llie palato-niaxillary apparatus is 
more complex than in the Slairks and Dipnoi; a palato- 
pterygoid consists of two mesially-connected rami in Polyodon, 
and of a complex cartilaginous disk in Acipenser, being arti- 
culated in both to the Meckelian cartilage. In addition, the 
Sturgeons possess one or two pairs of osseous rods, which, in 
Polyodon at least, represent the maxillary, and tlierefore must 
be the representatives of tlie lal)ial cartilages of the Sharks. 
The Meckelian cartilage is more or less covered by tegu- 
mentary bones. 

In the gill-cover, besides the operculum, a sub- and inter- 
operculum may be distinguished in 

Acqyenscr. 

The hyoid consists of three pieces, 
of wliich the posterior hears a broad 
branchiostegal in Polyodon. 

In tlie scapnlary arch the primordial 
cartilaginous elements scarcely differ 
from those of the Dipnoi. The mem- 
branc-l)ones are much expanded, and 
offer a continuous series suspended from 
the skull. Their division in the median 
ventral line is complete. 

The pectoral is supported by a car- 
tilaginous framework (Fig. 38) similar 
but much more 
shortened and reduced in its periphery, 
.the branches being absent altogether on one side of the axis. 
This modification of the fin is analogous to the heterocercal 
condition of the end of the spinous column. To the inner 
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corner of a basal cartilage {a) a short axis (h) is joined, 
which on its outer side bears a few brandies (d) only, the 
remaining branches (c) being fixed to the basal cartilage. 
The dermal fin-rays are ox^posed to the extremities of the 
branches, as in the Dipnoi 

The pitbic consists of a paired cartilage, to which tarsal 
pieces supporting the fin-rays are attached. 

The other living Ganoid fislies have the spinous column 
entirely or nearly entirely ossified, and have been comprised 
under the common name llolostei However, tliey form three 
very distinct types; several attempts have been made to 
coordinate with them the fossil lorms, l)ut this task is beset 
with extreme diiliculties, and its solution Ihtherto has not 
proved to be satisfactory. 

The Polypterouhi have their spinous column formed by dis- 
tinct osseous amphicmlous vertebne, that is, vertebra} with 
concave anterior and x)Ostcrior surfaces. It is nearly dijihy- 
cercal ; a slight degree of heterocercy obtains, inasmuch as 
the last vertebra is succeeded by a very thiri cartilaginous 
filament whicli x)enetrates betw^een the halves ol one of the 
middle rays of the terminal fin. The rays above this cartila- 
ginous filament are articulated to interneurals, those below 
* lack interhccmals, and arc attached eitlun* to the hoemals or 
vertebral centres. . The neural arclies, though ossified, do not 
coalesce with tlie centrum, and form one canal only, for the 
myelon. There are no intermediate elements between the 
neural spines. Interneurals develoj)ed, but simxfie, articulat- 
ing with the dermoneurals. The abdominal vertebra} have 
]}^i‘^pophyses developed with epipleural spines. Only the 
caudal vertebrie have Inemal spines, which, like the inter- 
hsemals, agree in every essential respect with the opposite 
neurals. Bibs are inserted, not on the parax)ophyses, but on 
the centre, immediately below the parapophyses. 

The skull of Polypterus (Fig. 39) shows a great advance 
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towards the Teleosteous type, the nntnher of separable hones 




Fig. 39.— Skull of Polyptenis. (After Traquair.) 

Fig. I. Upper aspect of the Primordial Cranium, with the membrane-bones 
removed. Pig. II. Lower aspect of tlie same. Fig. III. Side view, with the 
inembraue^bon^is. Fig. IV. Lower a.si)ect of the Skull, part of the hones 
being removed on one side. The parts .shaded with oblique lines are cartilage 
of the primordial skull. 

Aut Angular; ao, anteorbital ; Ar, articulary ; J?, basal; D, dentary; E, 
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etlimoid ; F, frontal ; Ma, mastoid ; Mp, metapterygoid ; Mx, maxillary ; 
Ni nasal; 0, operculum; Oc, occipital; Pa, parietal; PI, palatine; Pinx, 
pnemaxillary ; po, postorbital ; Prf, prefrontal ; Pt, post-temporals ; Ptf, 
postfrontal ; Ptr, pterygoid ; Q, quadrate ; S, suspensorium ; So, suboper- 
culum ; Sp, sphenoid ; Spl, splenial ; St, supratemporals ; T, tympanic 
lamina ; Tu, turbinal ; v, vomer ; x x, small ossicles ; x x', spiraculars. , 

being greatly increased. They are arranged much in the same 
fashion as in Teleostei. But a great portion of tlie primordial 
cranium remains cartilaginous. The membrane-bones which 
cover the upper and lowersurfaces of tire brain-case are so much 
developed as to cause the underlying cartilage to disappear, 
so that a large vacuity or fontanelle exists in the substance 
of the upper as well as lower cartilaginous wall. Of ossifica- 
tions belonging to the primordial skull must be noticed the 
single occipital with a mastoid on each side. They are sepa- 
rated by persistent cartilage from the sphenoids and post- 
frontals ; the former, which are the largest ossification of the 
primordial cranium, enclose the anterior lialf of the brain 
cavity. Finally, the nasal portion contains a median ethmoid 
and a pair of priefrontal bones. • 

Only a very small portion of the bones described are 
visible externally, nearly the whole of the primordial cranium 
being covered by the membrane-bones. 01 these are seen on 
the upper surface a pair of parietals, frontals, “ nasals, and 
turbinals ; on the lower surface a large cross-shaped basal, 
anteriorly bordered on each side by a pterygoid, parallel to a 
palatine which forms a suture with the double vomer. The 
suspensorium has in front a metapterygoid and quadrate 
bone, and an operculum and suboperculum are attached to it 
behind. 

Praemaxillaries and maxillaries are now fully developed, 
but immovably attached to the skull. The lower jaw is ossi- 
fied, and consists of an articulary, angular, dentary, and 
splenial. Of labial cartilages a rudiment at the angle of the 
mouth has remained persistent. 
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The side of the skull, in front of the operculum, is covered 
by a large irregularly-shaped hone {T) (corresponding to- the 
“tympanic lamina” of Caratodus, Fig. 35, q), held by some to 
be the pneoperculum ; along its upper circumference lies a 
series of small ossicles, of which two may be distinguished 
as spmaculars, as they form a valve for tlie protection of the 
spiracular ori (ice of these fishes. An infraorbital ling is repre- 
sented by a prte- and post-orbital oidy. 

Each hyoid consists of three pieces, none of which bear 
branchiostegals, the single median piece being osseous in front 
and cartilaginous behind. Four branchial arches are developed, 
the foremost consisting of three, the second and third of two, 
and tlie last of a single piece. There is no lower pharyngeal.’ 
Between tlie rami of the lower jaw tlie throat is protected by 
a pair of large osseous lamiiiie {yular plates), have been 
Considered to represent the urohyal of osseous fishes. 

The scapulary arch is almost entirely formed by the well- 
developed membrane-bones, which in the ventral line are 
suturally .united. The pectoral fin is supported by three 
bones, pro-, meso-, and metapterygium, of wliich the dilated 
middle one alone be.ars rays, and is excluded from the articu- 
lation with the shoulder-girdle. 


The iiiibic consists of paired bone, to which tarsal bones 
supporting tlie fin-rays are attached. 

In the Lcpidosteoidci X\\Q vertebral are completely ossified 
^n^ opisthocedo^i.s, liaving a convexity in front and a concavity 
behind, as in some Amphibians. Though the end of the body 
externally appears nearly diphycercal, the termination of the 
vertebral column is, in fact, distinctly heterocercal (Fig. 40). 

_ ts extremity remains cartilaginous, is turned upwards, and lies 
immediate y below the scutes which cover the upper margin 
re caiic a fin. It is preceded by a few rudimentary verte- 
bra which ^adually pass into the fully developed normal 
vertebral. The caudal fin is suspended from hmmapophyses 
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,nly, and does not extend to the neural side of the vertebral 



dh 

Fig. 40. — Heterocercal Tail of Lepidosteiis. 

71 , Vertebral column ; /t, linemal spines ; dn^ fulcra ; dh^ lower fulcra. 

column. The neural arches coalesce with the centrum ; inter- 
neurals simple. The abdominal vertebrae have parapophyses, 
to which the ribs are attached. Only the caudal vertebra^ 
have ha;mal spines. 

In the skull of Le^ndostms the cartilage of the endo- 
cranium is still more replaced by ossifications than in Polyp- 
terus; those ossifications, moreover, l)eing represented by a 
greater number of discrete bones ; especially the membrane- 
bones are greatly multiplied : the occipital, for instance, con- 
sists of three pieces ; tlie vomer is dcAible as in Polypterus ; 
the maxillary consists of a series of pieces firmly united by 
suture. The symplectic reaches the lower jaw, so that the arti- 
culary is provided with a double joint, viz. for the symplectic 
and quadrate ; the component parts of the lower jaw are as 
numerous as in reptiles, a dentary, splenial, articulary, angular, 
supra-angular, and coronary being distinct. The sides of the 
head are covered with numerous bones, and a praioperculum 
is developed in front of the gill-cover which, again, consists of 
an operculum and suboperculum. 

Each hyoid consists of three pieces, of which the middle 
is the longest, the upper bearing the largest of the three 

Gr 
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branchiostegals which Le^idosteus possesses ; a long and large 
^ glossohyal is intercalated between the lower ends of the 
hyoids. There are five branchial arches, the hindmost of 
which is modified into a lower pharyngeal ; upper pharyn- 
geals are likewise present as in the majority of Teleosteous 
fishes. No gular plate. 

Of the scapulary arcli tlie two halves are separated by a 
suture in the median line; the membrane-bones are well 
developed, only a remnant of the primordial cartilage remain- 
ing ; the supraclavicle is very similar to that of Teleosteous 
fishes, less so the post-temporal. The base to wliich the 
limb is attached is a single osseous plate, supporting on its 
posterior margin semi-ossified rods in small number, which 
bear the pectoral rays. 

The pubic consists of p.aired bone, the anterior ends of which 
overlap each other, the extremity of the right pubis being 
dorsad to that of the left. The elements representing a 
, tarsus are cpiite rudimentary and reduced in number (two 
or three). , 

The vertebral column of the Amioidei shows unmistak- 
able characters of the Pakeichthyic type. The arrangement 
of its component parts is extremely simple. The centra of 
the amphiccelous vertebne are well ossified, but the neural 
and haemal arches do not coalesce with the centra, from which 
they are separated by a thin layer of cartilage. Singularly, 
not every vertcbia has apophyses : in the caudal portion of 
Amia the vertebrae are alternately provided with them and 
lack them. The heterocercal condition of the spinous column 
is well marked : as in the other Holostei the hindmost 
vertebrae are turned upwards, become smaller and smaller in 
size, and lose their neural arches, the haemals remaining 
developed to the end. Finally, the column terminates in a 
thin cartilaginous band, which is received between the lateral 
halves of the fifth or sixth upper caudal ray. Intemeurals 
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and interhiiemals simple. Only the abdominal vertebrae have 
parapophyses, with which the ribs are articulated. 

The configuration of the skull, and the development and 
arrangement of its component parts, approaches so much the 
Teleosteous type that, perhaps, there are greater differences in 
skulls of truly Teleosteous fislies than between the skulls of 
Amia and many PliyHostomi. Externally tlie cranium is 
entirely ossified ; and the remains of the cartilaginoTis primor- 
dial cranium (which, liowever, has no vacuity in its roof) can 
only be seen in a section, and are of much less extent than 
in many Physostomous fishes. The iminovable intermaxillary, 
tlie double vomer, tlie plurality of ossifications representing 
the articulary, the double articulary cavity of the mandible 
for junction with the quadrate and symplectic bones, remind 
us still of similar conditions in the skull of LepidostcMS, but 
the mobility and formation of tlje maxillary, the arrange- 
ment of the gill-covers, the development of the opercles, 
the siispensorium, the palate, the insertion of a number of 
branchiostegals on the long middle hyoid piece, the composi- 
tion of the branchial framework (with upper and lower 
pharyngeals), are as in the Teleosteous type. A gular plate 
replaces the urohyal. 

The scapular arch is composed entirely of the membrane- 
bones found in the Teleostei, and the two sides are loosely 
united by ligament. The base to which the limb is attached 
is cartilaginous ; short semi-ossified rods are arranged along 
its hinder margin and bear the pectoral rays. 

The skeleton of the hind-limb agrees entirely with that 
of Lepidosteus. 

[T. W. Bridge, The Cranial Osteology of Amia calva ; in Journ. Anat. 
and Physiol, vol. xi.] 

In the Teleosteous fishes the spinous column consists of 
completely ossified amphicoelous vertebrae ; its termination 
is homocercal — that is, the caudal fin appears to be more or 
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less symmetrical, the last vertebra occupying a central posi- 
tion in the base of the fin, and being coalesced with a flat 
osseous lamella, the hypural (Fig. 23, 7o), on the hind margin 
of which the fin-rays are fixed. The hypural is but a union 
of modified hoeniapophyses which are directed backwards, 
and the actual termination of the notochord is bent upwards, 
and lies along the upper edge of the hypural, hidden below 
the last rudimentary neural elements. In some Teleosteans, 
as the Salmonidce, the last vertebrae are conspicuously bent 
upwards : in fact, strictly speaking, this homocercal condition 
is but one of tlie various degrees of heterocercy, different from 
that of many Ganoids in this respect only, that tlm caudal fin 
itself has assumed a higher degree of symmetry. 

The neural and haunal arches generally coalesce with the 
centrum, but there are many exceptions, inasmuch as some 
portion of the arches of a species, or all of them, show the 
original division. 

The vertebra) are generally united with one another by 
zygapophyses, and frequently similar additional articulations 
exist at the lower parts of the centra. Parapophyses and 
ribs are very general, but tlie latter are inserted on the centra 
and the base of the processes, and never on their extremities. 
The point of insertion of the rib, more especially on the 
anterior vertebne, may be still higher— viz. at the base of the 
neural arch, as in Cotylis and allied genera, and even on the 
top of the neurapophysis, as in Batrachus. 

There is a great amount of variation as regards the degree 
in which the primordial cranium persists ; it is always* more 
or less replaced by bone ; frequently it disappears entirely, 
but in some fishes, like the Salmonidw or Bsocidee, the carti- 
lage persists to the same or even to a greater extent than in 
the Ganoidei holostei. Added to the bones preformed in car- 
tilage are a great number of memlrane-hones. The different 
kinds of these membrane-bones occur with greater or less 
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constancy througliout this sub-class ; they often coalesce with, 
and are no more separable from, the neighbouring or under- 
lying cartilage-hones. All these hones have been topogra- 
phically enumerated in Chapter IV. 

Many attempts have been made to classify the hones of 
the Teleosteous skull, according to their supposed relation to 
each other, or with the view to demonstrate the unity of 
plan on which the skull has been built ; but in all either 
the one or the other of the following two principles has been 
followed : — 

A. The vertebral doctrine ” starts from the undeniable 
fact that the skull is originally composed of several segments, 
each of which is merely the modification of a vertebra. The 
component parts of such a cranial segment are considerell to 
be homologous to those of a vertebra. Three, four, or five 
cranial vertebne have l)een distinguished, all the varioiis 
bones of the fully-developed and ossified skull being referred, 
without distinction as to their origin, to one or the other 
of those vertebral segments. The idea of the typical unity 
of the osseous framework of Vertebrates has been worked out 
with the greatest originality and knowledge of detail, by 
Owen, who demonstrates that the fish-skull is composed of 
four vertebne. 

The bones of the fish-skull are, according to him, primarily 
divisible into those of the neuroskdeton, splanchnoskeleton, and 
dermoskeleton. 

The bones of the neuro- or proper cndo-slceleton are 
arranged in a series of four horizontally succeeding segments . 
the occipital, parietal, frontal, and nasal vertebra?. ; each seg- 
ment consisting of an upper (neural) and a lower (ha?mal) 
arch, with a common centre, and with diverging appendages. 

The neural arches of the four vertebrae, in their succession 
from the occiput towards the snout, are : — 

1. Epencejphalic arc\ composed of the occipitals. 
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2. Mesencephalic arch, composed of basisphenoid, ali- 
splienoid, parietal, and mastoid. 

3. Frosencephalic arch, composed of presphenoid, orbito- 
sphenoid, frontal, and postfrontal. 

4. Ehinencephalic arch, composed of vomer, prefrontal, and 
nasal. 

The hccmal arches in the same order of succession are : — 

1. Scapular or scapulo-coracoid arch, composed of supra- 
scapula, scapula, and coracoid ; its appendage consists of the 
ulna, radius and carpal. 

2. Hyoid or stylo-hyoid arch, composed of stylo-hyal, epi- 
hyal, ceratohyal, basiliyal, glossohyal, and urohyal ; its ap- 
pendage is the branchiostegals. 

3. Mandihdar or tympano-mandibular arch, composed of 
epi-, meso-, pre-, and hypo-tympanic, and the bones of the 
lower jaw ; its appendage consists of tlie praioperculum and 
the other opercles. 

4. Maxillary or palato-maxillary arch, composed of pala- 
tine, maxillary, and premaxillary ; its appendage consists of 
the pterygoid and entopterygoid. 

Parts of the splanclinosheleton are held to be the ear-capsule 
or petrosal and the otolite, the eye-capsule or sclerotic, the 
nose-capsule or ‘‘ethmoid’^ and turbinal; the branchial 
arches. 

The bones of the dermoslceleton are the supratemporals, 
supraorbitals, suborbitals, and labials. 

B. In the second method of classifying the bones of the 
skull prominence is given to the facts of their different origin 
as ascertained by a study of their development. The parts 
developed from the primordial skull, or the cartilaginous case 
protecting the nervous centre are distinguished from those 
which enclose and support the commencement of the aliment- 
ary canal and the respiratory apparatus, and which, consisting 
of several arches, are comprised under the common name of 
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mceral skeleton of the sJmlL Further, a distinction is made 
between the bones preformed in cartilage and those originat- 
ing in tegumentary or membranous tissue. It is admitted 
that the primordial cranium is a coalition of several segments, 
the number of which is determined by that of the visceral 
arches, these representing the haunal arches of the vertebral 
column ; but the membrane-bones are excluded from a consi- 
deration of the vertebral division of the primordial skull, as 
elements originally independent ol it, although these additions 
have entered into special relations to the caitilage-bones. 

With these views the bones of the Teleosteous skull are 
classified thus : — 

1. Cartilage-bones of the ^primordial skull, — The basi-occi- 
pital (5 in Figs. 23-26) has retained the form of a vertebral 
centrum; it is generally concave behind, the concavity contain- 
ing remains of the notochord ; rarely a rounded articulary head 
of the first vertebra fits into it, as in Symbranchus, and still 
more rarely it is provided with such an articulary head (^Fistu- 
larid) f frec][uently it shows two excavations on its inner surface 
for the reception of the saccus vestilndi. The exoceipitals (10) 
are situated on the side ol the basi-occipital, and contribute the 
greater portion of the periphery of the lorarnen magnum , 
frequently they articulate with the first vertebra, or meet in 
the upper median line, so as to exclude the supraoccipital 
from the foramen magnum. The s^ipraoccipital (8) is interca- 
lated between the exoceipitals, and forms a most prominent 
part by the median crest, which sometimes extends far for- 
wards on the upper side of the skull, and offers attachment to 
the dorsal portion of the large lateral muscle of the trunk. 
When the interior portions of this bone remain cartilaginous, 
some part of the semicircular canals may be lodged in it. 

The region of the skull which succeeds the bones described 
encloses at least the greater portion of the labyrinth, and its 
component parts have been named with reference to it by 
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some anatomists.^ The alisphenoids (11) {Prooticum) form 
sutures posteriorly with the basi- and ex-occipitals, and meet 
each other in the median line at the bottom of the cerebral 
cavity ; they contribute to tlie formation of a hollow in which 
the hypophysis cerebri and the saccus vasculosus are received ; 
in conjunction with the exoccipital it forms another hollow 
for the reception of the vestibulum ; generally it is perforated 
by the Trigeminal and Facial nerves. The paroccipitals (9) 
{Epioticum) lodge a portion of the posterior vertical semi- 
circular canal, and form a projection of the skull on each side 
of the occipital crest, to which a terminal branch of the scapu- 
lar arch is attached. The Mastoid (12 + 13) {Opisthoticum) 
occupies the postero-external projection of the head ; it en- 
closes a part of the external semicircular canal ; is generally 
coalesced with a membrane-bone, the superficial squamosal, 
which emits a process for the suspension of the scapular 
arch, and is frequently, as in the Perch, divided into two 
separate bones. 

The anterior portion of the skull varies greatly as regards 
form, which is chiefly dependent on the extent of the cerebral 
cavity ; if the latter is advanced far forwards, the lateral walls 
of the primordial cranium are protected by more developed 
ossifications than if the cerebral cavity is shortened by the 
presence of a wide* and deep orbit. In the latter case parts 
which normally form the side of the skull are situated in 
front of the brain-case, between it and the orbit, and gener- 
ally reduced in extent, often replaced by membranes ; especi- 
ally the interorbital septum may be reduced to membrane. 
The most constant ossifications of this part of the skull are 
the orbitospJienoids (14), which join the upper anterior margin 
of the alisphenoids. They vary much with regard to their 
development — they are small in Gadoids; larger in the 
Perch, Pike, Salmonoids, Macrodon, and the Clupeoids ; and 


^ As first proposed by Huxley. 



rery large in Cyprinoids and Siluroids, in which they contri- 
)ute to the formation of the side of the hrain-case. The single 
f-shaped Sphenoideum anterius (15) is as frequently absent 
IS present ; it forms the anterior margin of the fossa for the 
[jypophysis. Finally, the post-frontal (4) belongs also to this 
(uoup of cartilage-hones. 

The centre of the foremost part of the skull is occupied by 
the ethmoid {?>), which shows great variations as regards its 
extent and the degree of ossification ; it may extend back- 
wards into the interorlutal septum, and reach the orbito- 
sphenoids, or may be confined to the extremity of the skull ; 
it may remain entirely cartilaginous, or ossify into a lamina 
which separates the two orbits and encloses an anterior 
prolongation of the brain-case, along whicli the olfactory 
nerves pass : modifications occurring again in higher verte- 
brates. A paired ossification attached to the fore-part of the 
ethmoid is the prefrontals (2), wliich form the base of the 
nasal fossa. 

2. MembruTie-bones attached to the primordial skull— To 
this group belong the parietals (V) anAfrontals (1> The scpia- 
mosal (12) has been mentioned above in connection with the 
mastoid. The svjmaorUtal is always small, and frequently 
absent. The lower surface of the skull is protected by the 
has'isphenoid (parasphenoid) (6) and the vomer (16), both of 
which, especially the latter, may be armed with teeth. 

3. Cartilage hones of the alimentary portion of the visceral 
skeleton of the s/otZZ.— T he suspensorium consists of three car- 
tilage-bones, and affords a base for the opercular apparatus as 
well as a point of attachment to the hyoid, whilst in front it 
is connected with the palato-ptery go-palatine arch. They 
are the hyomandibular (23), symplectic (31), and quadrede 

' Stannius (pp. 60, 65) doubts the pure origin of these two bones firoin 
membranous tissue, and is inclined to consider them as the extreme en o 
the abortive axial system,” 
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(26), connected by means of the tnetapterygoid (27) with the 
ecto- (24) and ewto-pterygoid (25), the foremost bone of the 
arch being the palatim (22). AU these bones have been 
sufficmntly described above (p. 55), and it remains only to be 
mentioned that the bones of the palatine arch are but rarely 
absent, as for instance in Murccnophis ; and that the sym- 
plectic does not extend to the articulary of the mandible, as 
in Amia and Lqndosteus, though its suspensory relation to the 
Meckelian cartilage is still indicated by a ligament which 
connects the two pieces. Of the mandibulary bones tlie 
articulary (35) is distinctly part of Meckel’s cartilage. Fre- 
quentiy another portion of cartilage below the articulary 
remains persistent, or is replaced by a separate membrane- 
bone, the angular. 

4. Membranc-loim of tlic alimentary gwrtion of the visceral 
skeleton of the sAm/^.—TIic suspensorium has one tegumentary 
bone attached to it, viz. tlie prccoperculum (30) ; it is but 
rarely absent, for instance in Murmnophis. The pn-emaxil- 
lary (17) and maxillary (18) of the Teleostei appear to be 
also membrane-bones, althougli they are clearly analogous 
to the upper labial cartilages of the Sharks. The pre- 
maxillaries sometimes coalesce into a single piece (as in 
motion, Morniyrus), or they are firmly united with the 
maxUlaries (as lu all Gymnodonts, Serrasalmo, etc.) The 
relative position and connection of these two bones ■ differs 
much, and is a valuable character in the discrimination of 
the vai'ious families. In some, the front margin of the jaw is 
formed by the premaxillary only, the two bones having a 
paraUel position, as it has been described in the Perch (p. 
53) ; m others, the premaxillary is shortened, allowing the 
rnaxillary to enter, and to complete, the margin of the upper 
jaw; and finally, in many no part of the maxillary is situated 
behind the premaxillary, but the entire bone is attached to 
e en of the premaxillary, forming its continuation. In 
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the last case the maxillary may be quite abortive. The 
mobility of the upper jaw is greatest in those fishes in which 
the premaxillary alone forms its margin. The form of the 
premaxillary is subject to great variation : the beak oiBelone, 
Xiphias is formed by the prolonged and coalesced premaxil- 
laries. The maxillary consists sometimes of one piece, some- 
times of two or three. The principal membrane-bone of the 
mandible is the dentary (34), to which is added the angular 
(36) and rarely a smaller one, the si}lenial or os operculare, 
which is situated at the inside of the articulary. 

5 . Cartilaye-bones of the resjyiratory 'portion of the visceral 
skeleton of the skull— Wii\\ few exceptions all the ossifications 
of the hyoid and branchial arches, as described above (p. 58), 
belong to this group. 

6. Membrane-hones of the respiratory portion of the visceral 
skeleton of the skull — arc the following : the opercular 
pieces, viz. operculum (28), subapierculum (32), and interaper- 
culum (33). The last of these is the least constant ; it may 
be entirely absent, and represented by a ligament extendmg 
from the mandible to the hyoid. The urohyal (42) which 
separates the musciili sternohyoidei, and serves for an in- 
creased surface of their insertion ; and finally the branchio 
stegals (43), which vary greatly in number, but are always 

fixed to the cerato- and epi-hyals. 

7. Dermal bones of the skull— To this category are referred 
some bones which are ossifications of, and belong to, the 
cutis. They are the turbinals (20), the suborbitals (19), and 
the supi'atemporals. They vary much with regard to^ the 
degree in which they are developed, and are rarely entirely 
absent. Nearly always they are wholly or partly transformed 
into tubes or hollows, in which the muciferous canals with 
their numerous nerves are lodged. Those in the temporal 
and scapulary regions^ are not always developed; on the 
other hand, the series of those ossicles may be continued on 
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to the trunk, accompanying the lateral line. In many fishes 
those of the infraorbital ring are much dilated, protecting the 
entire space between the orbit and the rim of the j^neoper- 
culum ; in others, especially those which have the angle of 
the praBoperculum armed with a powerful spine, the infra- 
orbital ring emits a process towards the spine, which thus serves 
as a stay or support of this weapon {Scoiycenidm, Cottidm). 

The 'pectoral arch of tlie Teleosteoiis fishes exhibits but a 
remnant of a primordial cartilage, which is replaced by two 
ossifications,^ the coracoid (51) and scapula (52) ; they offer 
posteriorly attachment to two series of short rods, of which 
the proximal are nearly always ossified, whilst the distal 
frequently remain small cartilaginous nodules hidden in the 
base of the pectoral rays. The l)ones, by whicli this portion 
is connected with the skull, are membrane-bones, viz. the 
clavicle (49), with the postclaviclc (49 + 50), the sup^vaclaviclc 
(47), and post-temporal (40). The order of tlieir arrangement 
in the Perch has been described above (p. 59). However, 
many Teleosteous fish lack pectoral fins, and in them the 
pectoral arch is frecpicntly more or less reduced or rudi- 
mentary, as in many species of Muramida:. In others the 
membrane-bones are exceedingly strong, contributing to the 
outer protective armour of the fish, and then the clavicles 
are generally suturally connected in the median line. The 
postclavicula and the supraclavicula may be absent. Only 
exceptionally the shoulder-girdle is not suspended from the 
skull, but from the anterior portion of the spinous column 
{Symhra'ncUdce, Murm'uidm, Notacantliidm), The number of 
basal elements of each of the two series never exceeds five, 
but may be less ; and the distal series is absent in Siluroids. 

The puhic bones of the Teleosteous fishes undergo many 
modifications of form in the various families, but they are 
essentially of the same simple type as in the Perch. 

1 Parker’s nomenclature is adopted here. 
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MYOLOGY. 

In the lowest vertebrate, Brancliiostoma, the whole of the 
muscular mass is arranged in a longitudinal band running 
along each side of the body ; it is vertically divided into 
a number of Hakes or segments {myocommas) by aponeu- 
rotic septa, which serve as the surfaces of insertion to the* 
muscular fibres. But this muscular band has no connection 
with the notochord except in its foremost portion, where 
some relation has been formed to the visceral skeleton. A 
very thin muscular layer covers the abdomen. 

Also in the Cyclostomes the greatest portion of the mus- 
cular system is without direct relation to the skeleton, and, 
again, it is only on the skull and visceral skeleton where 
distinct muscles have been diherentiated for special functions. 

To the development of the skeleton in the more highly 
organised fishes corresponds a similar development of the 
muscles ; and the maxillary and branchial apparatus, the 
pectoral and ventral fins, the vertical fins, and especially the 
caudal, possess a separate system of muscles. But the most 
noteworthy is the muscle covering tlie sides of the trunk 
and tail (already noticed in Branchiostoma), which Cuvier 
described as the ‘‘great lateral muscle,” and which, in the 
higher fishes, is a compound of many smaller segments, cor- 
responding in number with the vertebrse. Each lateral 
muscle is divided by a median longitudinal groove into a 
dorsal and ventral half ; the depression in its middle is 
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filled by an embryonal muscular substance which contains 
a large quantity of fat and blood-vessels, and therefore 
differs from ordinary muscle by its softer consistency, and 
by its colour which is reddish or grayish. Superficially the 
lateral muscle appears crossed by a number of white parallel 
tendinous zigzag stripes, forming generally three angles, of 
which the ujiper and lower point backwards, the middle one 
forwards. These are the outer edges of the aponeurotic septa 
between the myocommas. Each septum is attached to 
thejniddle and the apoifiiyses of a vertebra, and, in the 
abdominal region, to its rib ; frequently the septa receive 
additional support by the existence of epipleural spines. The 
fibres of each inyocoinma rlin straight and nearly horizontally 
from one septum to the next ; they are grouped so as to form 
semiconical masses, of whicli the upper and lower have their 
apices turned backwards, whilst tlie middle cone, formed by 
the contiguous parts of the preceding, has its apex directed 
forward ; this fits into tlie interspace between tlie antecedent 
upper and lower cones, the apices of which reciprocally enter 
the depressions in the succeeding segment, wliereby all the 
segments are firmly locked together {(keen). 

In connection witli the muscles reference has to be made 
to the Electric organs Avith whicli certain fishes are provided, 
as it is more than probable, not only from the examination of 
peculiar muscular organs occurring in the Itays, Mormyrits, 
and Gymnarchus (the function of which is still conjectural), 
but especially from the researches into the development of 
the electric organ of Torpedo^ that the electric organs have 
been developed out of muscular substance. The fishes 
possessing fully developed electric organs, with the power of 
accumulating electric force and communicating it in the 
form of shocks to other animals, are the electric Eays 
{Torjpedinidee), the electric Sheath- fish of tropical Africa 
{Malapterurus\ and the electric Eel of tropical America 
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(aymnotus). The structure and arrangement of the electric 
or^an is very different in these fishes, and will be subsequently 
described in the special account of the several species. 

The phenomena attending the exercise of this extraordi- 
nary faculty also closely resemble muscular action. The time 
and strength of the discharge are entirely under the control 
of the fish. The power is exhausted after some time, and it 
needs repose and nourishment to restore it. If the electric 
nerves arc cut and divided from the brain tlio cerebral action 
is interrupted, and no irritant to the body has any effect to 
excite electric discharge ; but if their ends be irritated the 
discharge takes place, just as a muscle is excited to contraction 
under similar circumstances. And, singularly enough, the 
application of strychnine causes simultaneously a tetanic state 
of the muscles and a rapid succession of involuntary electric 
discharges. The strength of the discharges depends entirely on 
the size, health, and energy of the fish : an observation entirely 
agreeing with that made on the efficacy of snake-poison. lake 
tins latter, the property of the electric force serves two ends 
in the economy of the animals which are endowed with it; 
it is essential and necessary, to them for overpowering, stun- 
TiintT or killing tlie creatures on which they feed, whilst 
incidentally they use it as the means of defending themselves 
from their enemies. 
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NEUROLOGY. 

The most simple condition of the nervous central organ 
known in Vertebrates is found in Branchiostoma. In this 
fish the spinal chord tapers at both ends, an anterior cerebral 
swelling, or anything approacliing a brain, being absent. It 
is band -like along its middle third, and groups of darker 
cells mark the origins of the fifty or sixty pairs of nerves 
which accompany the intermuscular septa, and divide into 
a dorsal and ventral branch, as in other fishes. The two 
anterior pairs pass to the membranous parts above the mouth, 
and supply with nerve filaments a ciliated depression near 
the extremity of the fish, which is considered to be an 
olfactory organ, and two pigment spots, the rudiments of 
eyes. An auditory organ is absent. 

The spmal chord of the Cyclostomes is flattened in its 
whole extent, band-like, and elastic ; also in Chimcera it is 
elastic, but flattened in its posterior portion only. In all 
other fishes it is cylindrical, non-ductile, and generally ex- 
tending along the whole length of the spinal canal. The 
Plectognaths offer .a singular exception in this respect that 
the spinal chord is much shortened, the posterior portion of 
the canal being occupied by a long cauda equina ; this shorten- 
ing of the spinal chord has become extreme in the Sun-fish 
{Orthagoriscu^y in which it has shrunk into a short and 
conical appendage of the brain. Also in the Devil-fish 
{Lophius) a long cauda equina partly conceals the chord which 
terminates on the level of about the twelfth vertebra. 
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The hrain of fishes is relatively small; in the Burbot 
{Lota) it has been estimated to be -^l o^h part of the weiglit 
of the entire fish, in the Pike the yy^r^th part, and in the 
large Sharks it is relatively still smaller. It never fills the 
entire cavity of the cranium; between the dura mater which 
adheres to the inner surface of the cranial cavity, and the 
arachnoidea which envelops the brain, a more or less con- 
siderable space remains, whicli is filled with a soft gelatinous 
mass generally containing a large quantity of fat. It has 
been observed tliat this space is much less in young specimens 
than in adult, which proves tliat the brain of fishes does not 
grow in the same i)r()])ortion as the rest of the body ; and, 
indeed, its size is nearly the same in individuals of which one 
is double tlie bulk of tlie otlier. 

The brain of Oshcouh Jjshes (Fig. 41) viewed from above shows 
three protuberances, res})ectively termed pTose7ice2^hal07iy mes- 
encephalon, and 7netc)ic(phalo7i, the two anterior of which are 
paired, the hindmost being single. The foremost pair are the 
hemispheres, whicli are solid in their interior, and provided 
with two swellings in front, tlie oJfactorij lobes. The second 
pair are the op)tic lobes, which* generally are larger than the 
hemispheres, and succeeded by the third single portion, the 



Fig. 41. — Brain of Perch. 

I. Upper aspect. II. Lower aspect, 

cerebellum ; h, optic lobes ; c, hemispheres ; e, lobi inferiores ; /, hypophysis ; 
lobi posteriores ; t. Olfactory lobes ; n, N. opticus; o, N. olfactorius ; 
Pi N". oculo-motorius ; q, JSl. trochlearis ; r, N. trigeminus ; s, N. acusticus ; 
iV. vagus ; u, N. abducens ; v, Fourth ventricle. 

oerehellum. In the fresh state the hemispheres are of a grayish 
colour, and often show some shallow depressions on their 

H 
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surface ; a narrow commissure of white colour connects them 
with each other. The optic lobes possess a cavity {ventriculus 
/oWop<MO.f’'tt^‘e'^ottomof which some protuberances of variable 
development represent the corpora quadrigemina of higher 
animals. On the lower surface of the base of the optic lobes, 
behind the crura cerebri, two swellings are observed, the loU 
inferiores, which slightly diverge in front for the passage of 
the infundibulum, from which a generally large hypophysis or 
pituitary gland is suspended. The relative size of the ccre- 
beUum varies greatly in the different osseous fishes : in the 
Tunny and Silurus it is so large as nearly to cover the optic 
lobes; sometimes' distinct transverse grooves and a median 
longitudinal groove are visible. The cerebellum' possesses in 
its interior a cavity which communicates with the anterior 
part of the fourth ventricle. The medulla oblongata is broader 
than the spinal chord, and contains fourth ventricle, ^\\k\\ 
forms the continuation of the central canal of the spinal 
chord. In most fishes a perfect roof is formed over the 
fourth ventricle by two longitudinal jiads, which meet each 
other in the median line (lohi poster lores), and but rarely it 

remains open along its upper surface. 

The brain of Ganoid fishes shows great similarity to that 
of the Teleostei; however, there is considerable diversity 
of the arrangement of its various portions in the different 
types. In the Sturgeons and Polypterus (Fig. 42) the hemi- 
spheres are more or less remote from the, mesencephalon, so 
that in an upper view the crura cerebri, with the intermediate 
entrance into the third ventricle {fissura cerebri magna), may be 
seen. A vascular membranous sac, containing lymphatic fluid 
{epiphysis), takes its origin from the third ventricle, its base 
being expanded over thp anterior interspace of the optic lobes, 
and the apex being fixed to the cartilaginous roof of the 
cranium. This structure is not peculiar to the Ganoids, but 
found in various stages of development in Teleosteans, mark- 
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in<^, when present, the boundary between prosencephalon and 
mesencephalon. The lobi ox:)tici are essentially as in Tele- 
osteans. The cerebellum penetrates into the ventriculus 
lobi optici, and extends thence into the open sinus rhornboid- 
alis. At its upper surface it is crossed by a commissure 
formed by the corpora restiformia of the medulla. 





Fig. 42 . — Brain of Polypterus. (After Muller.) 

I., Upper; II., Lateral ; III., Lower aspect. 

a, Medulla ; &, corpora restiformia ; c, cerebellum ; d, lobi optici ; e, hypophysis ; 
/, fissura cerebri magna ; </, iiervus opticus ; <f\ cliiasma ; hf hemispheres ; 
f, lobus olfactorius ; k, sinus rhomboidalis (fourth ventricle). 

As regards external configuration, the brain of Zepidosteus 
and Amia approach still more the Teleosteous type. The 
prosencephalon, mesencephalon, and nietencephalon are con- 
tiguous, and the cerebellum lacks the prominent transverse 
commissure at its upper surface. The sinus rhomboidalis is 
open. 

The brain of the Dipnoi shows characters reminding us 
of that of the Ganoids as well as the Chondropterygians, 
Ceratodus agreeing with Frotopterus in this respect, as in 
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most other points of its organisation. The hemispheres 

form the largest part of the brain ; they are coalescent, as in 

Sharks, but possess two lateral ventricles, tlie separation being 

externally indicated by a shallow median groove on the upper 

surface. The olfactory lobes take their origin from the upper 

anterior end of the hemispheres. Epiphysis and hypophysis 

well developed. The lobi optici are very small, and remote 

from the prosencephalon, their division into the lateral halves 

being indicated by a median groove only. The cerebellum is 

very small, overlying the front part of the sinus rhomboidalis. 

The In'ain of CliondroiJteryfjians (Fig. 43) is more developed 

than that of all other fishes, and distinguislied by well-marked 

characters. These are, first, the prolongation of the olfactory 

lobes into more or less long pedicles, wliich dilate into great 

ganglionic masses, where they come into contact with the 

olfactory sacs ; secondly, the space which generally intervenes 

between prosencephalon 

and mesencephalon, as in 

some Ganoids ; thirdly, 

the large development of 

the metcnceplialon. 

The hemispheres are 

generally large, coalescent, 
Fig. 43. — Brain of Carch arias. (After Owen.) V . , t i 

but witli a median, longi- 

ac, Nerv. acusticus ; h, corpus restiforme ; c. ,. , 

cerobelluui; d, lob,,., opticus; c, hypo- tudlllill, dividing grOOVe. 

physis ; g, nervus opticus ; h, heini- Frequently their surfacc 

pedicle ; k, nerv. olfactoriu.s ; I, epiphy.si, ; ^llOWS traCGS of gyratlOIlS, 
m, nerv. oculo-motorius ; Ir, nerv. trige- aiul wheil they are prO- 



mmns ; v, nerv. vagus. 


vided with lateral vent- 


ricles, tubercles representing corpora striata may be ob- 
served. The olfactory pedicles take their origin from the 
side of the hemispheres, and are frequently hollow, and 
if so, their cavity communicates with the ventricle of the 
hemisphere. The optic lobes are generally smaller than the 
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hemispheres, coalescent, and provided with an upper median 
(TTOOve like the prosencephalon. At their base a pair of lobi 
inferiores are constant, with the hypophysis and saccus vascu- 
losus (a conglomeration of vascular loops without medullary 
substance) between them. 

The cerebellum is very large, overlying a portion of the 
optic lobes and of the sinus rhomboidalis, and is frequently 
transversely grooved. The side-walls of the fourth ventricle, 
which are formed by the corpora restiformia, are singularly 
folded, and appear as two pads, one on each side of the cere- 
bellum {Idbi 'posteriores s. loU nervi trvjcmini). 

The brain of the Cyclostomcs (Figs. 44, 45) represents a type 
different from that of other fishes, showing at its upper surface 



Fig. 44. — Brain of Bdellostoma. (Enlarged, after Muller.) 
I., Upper; II., Lower aspect. Letters as in Fig. 45. 


three pairs of protuberances in front of the cerebellum ; they 
are all solid. Their homologies are not yet satisfactorily deter- 
mined, parts of the Myxinoid brain having received by the 
same observers determinations very different from those given 
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to the corresponding parts of the brain of the Lampreys. The 



Fig. 45. — Brain of Petroniyzon. (Enlarged, after Muller.) 

I., Ui)per ; II., Lower aspect. 

a, Medulla oblongata ; nerv. acusticus ; ft, corpus restiforine or rudimentary 
cerebellum ; d, lobus veiitriculi tertii ; d\ entrance into tlie third ventricle ; 
c, hypophysis ; fa, nerv. fjicialis ; g, nerv. opticus ; 7i, hemisphere ; 
nerv. hypoglossus (so named by Muller) ; %, lobus olfactorius ; k, sinus 
rhomboidalis ; I, epiphysis ; m, nerv. oculo-motorius ; q, corpora quadri- 
gemina ; tr, nerv. trigeminus ;• tro, nerv. trochlearis ; v, nerv. vagus. 

foremost pair are the large olfactory tubercles, which are 
exceedingly large in Petromyzon. They -are followed by . the 
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hemispheres, with a single body wedged in between their 
posterior half; in Pctromyzon, at least, tlie vascular tissue 
leading to an epiphysis seems to be connected with this body. 
Then follows the lobus ventriculi tertii, distinctly paired in 
Myxinoids, less so in Fetromyzon. The last pair are the 
corpora quadrigemina. According to this interpretation the 
cerebellum would be absent in Myxinoids, and represented in 
Fetromyzon by a narrow commissure only (Fig. 4r),?>), stretching 
over the foremost part of the sinus rbomlxjidalis. In the 
Myxinoids the medulla oblongata ends in two divergent swell- 
ings, free and obtuse at tbeir extremity, from which most of 
the cerebral nerves take their origin. 

The Nerves which supply the organs of the head arc either 
merely continuations or diverticula of the brain-substance, or 
proper nerves taking their origin Irom the brain, or receiving 
their constituent parts from the foremost part of the spinal 
chord. The number of these spi no-cerebral nerves is always 
less than in tlie higher vertebrates, and their arrangement 
varies consideral)ly. 

A. Nerves wliieli are diverticida of the brain (Figs. 41-45). 

The olfactory nerves {first ^pair) always retain their inti- 
mate relation to the hemispheres, the ventricles of which are 
not rarely continued into the tubercle or even pedicle of the 
nerves. The different position of the olfactory tubercle has 
been already described as characteristic oi some of the orders 
of fishes. In those fishes in which the tul)crcle is remote 
from the brain, the nerve wliich has entered the tubercle as 
a single stem leaves it split up into several or numerous 
branches, which are distributed in the nasal organ. In the 
other fishes it breaks up into branchlets spread into a fan-like 
expansion at the point, where it enters the nasal cavity. The 
nerve always passes out of the skull through the ethmoid. 
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The optic nerves {second pair) vary in size, their strength 
corresponding to the size of the eye ; they take their origin 
from the lobi optici, the development of which again is pro- 
portionate to that of tlie nerves. The mutual relation of the 
two nerves immediately after their origin is very character- 
istic ot the sub- classes of fishes. In the Cyclostoyncs they have 
no further connection with each other, eacli going to the eye 
of its own side.^ In the Telcostei they simply cross each other 
{decussate), so tliat the one starting from the right half of the 
brain goes to the left eye and vice versa. Finally, in Fcdcvicli- 
thyes the two nerves are fused togetlier, immediately after 
their origin, into a cUasma. The nerve is cylindrical for 
some portion of its course, but in most fishes gradually changes 
this form into that ot a plaited band, which is capable of 
separation and expansion. It enters the bulbus generally 
behind and above its axis. The foramen through which it 
leaves the skull of Teleostei is generally in a membranous 
portion of its anterior wall, or, where ossification has taken 
place, in the orbito-sphenoid. 

B. Nerves proper talcing their origin from the brain 
(Figs. 41-45). 

The Nervus oculorum niotorius {third pair) takes its origin 
from the Pedunculus cerebri, close behind the lobi inferiores ; 
it escapes through the orbito-sphenoid, or the membrane 
replacing it, and is distributed to the musculi rectus superior, 
rectus internus, obliquus inferior, and rectus inferior. Its 
size corresponds to the development of the muscles of the 
eye. Consequently it is absent in the blind Amblyopsis, and 
the Myxinoids. In lepidosiren the nerves supplying the 
muscles of the eye have no independent origin, but are part 

to Langerhans “ Untersuchungen iiber Petromyzon planeri” 
(Freiburg, 1873) an optic ckiasma exists in that species. 
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of the ophthalmic division of the Trigeminus. In Petromyzon 
these muscles are supplied partly from the Trigeminus, partly 
l)j a nerve representing the Oculo-motor and Trochlearis, 
which are fused into a common trunk. 

The Nervus trochlearis {fourth pair), if present with an 
independent origin, is always tliin, taking its origin on the 
upper surface of the brain from the groove between lobus 
opticus and cerebellum; it goes to the Musculus obliquus 
superior of the eye. 


C. Nerves taking their origin from the Medulla oblongata 
(Figs. 41-45). 

The Nervus ahducens {sixth pair) issues on the lower surface 
of the brain, taking its origin from the anterior pyramids of 
the Medulla oblongata, and supplies the Musculus rectus 
externus of the eye, and the muscle of the nictitating mem- 
brane of Sharks. 

The Nervus trigeminus {fifth pair) and the Nervus facialis 
{seventh pair) have their origins close together, and enter into 
intimate connection with each other. In the Chondroptery- 
gians and most Teleostei the number of their roots is four, in 
the Sturgeons hve, and in a few Teleostei three. When there 
are four, the first issues immediately below the cerebellum 
from the side of the Medulla oblongata ; it contains motory 
and sensory elements for the maxillary and suspensorial 
muscles, and belongs exclusively to the trigeminal nerve. The 
second root, which generally becomes free a little above the 
first, supplies especially the elements for the Ramus palatinus, 
which sometimes unites with parts of the Trigeminal, some- 
times with the Facial nerve. The third root, if present, is very 
small, and issues immediately in front of the acustic nerve, 
and supplies part of the motor elements of the facial nerve. 
The fourth root is much stronger, sometimes double, and its 
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elements pass again partly into the Trigeminal, partly into the 
lacial nerve. On the passage of these stems through the 
skull (through a foramen or foramina in the alisphenoid) they 
form a ganglionic plexus, in which the palatine ramus and 
the first stem of the Trigeminus generally possess discrete 
ganglia. The branches which issue from the plexus and 
belong exclusively to the Trigeminus, supply tlie organs and 
integuments of the frontal, oplitlialinic, and nasal regions, and 
the upper and lower jaws with tlieir soft parts. The Facial 
nerve supplies the muscles of the gill-cover and suspensoriuni, 
and emits a strong branch accompanying the Meckelian car- 
tilage to the sympliysis, and anotlier for the liyoid apparatus. 

The Ne^vus acusticus {eighth fair) is strong, and takes its 
origin immediately behind, and in contact with, the last root 
of the seventh pair. 

The Nefvus glosso-flmryngem {ninth fail') ^ takes its origin 
between the roots of the eighth and tenth nerves, and issues 
in Teleostei from tlie cranial cavity by a foramen of the 
exoccipital. In the Cyclostomes and Lepidosiren it is ])art 
of the N^ervus vagus. It is distributed in the pharyngeal and 
lingual regions, one liranch supplying the first branchial arch. 
After having left the cranial cavity it swells into a ganglion, 
wliich in Teleostei is always in communication with the 
sympathic nerve. 

The Ncrvns vagus or fneumogastricus {tenth fair) rises in 
all Teleostei and Palahchthyes with two discrete strong roots : 
the first constantly from tlie swellings of the corpora resti- 
foimia, be they thinner or thicker and overlying the sinus 
rhomboidalis, or be they developed into lateral plaited pads, 
as in Acipenser and Chondropterygians. The second inucli 
thicker root rises from the lower tracts of the medulla oblon- 
gata. Both stems leave the cranial cavity by a common fora- 

1 This nerve is not shown in the figure of the brain of the Perch (Fig. 41), 
as reproduced above from Cuvier, 
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men, situated in Teleosteous fishes in the exoecipital; and 
form ganglionic swellings, of which those of the lower stem 
are the more conspicuous. The lower stem has mixed elements, 
motory as weU as sensory, and is distributed to the muscles 
of the branchial arches and pharynx, the cesophagus and 
stomach; it sends filaments to the heart and to the air- 
bladder where it exists. The first (upper) stem forms the 
Nervus lateralis. This nerve, which accompanies the lateral 
mucous system of tlie trunk and tail, is either a single longi- 
tudinal. stem, gradually becoming tliinner behind, running 
superficially below the skin (Salmonid*, Cyclopterus),or deeply 
between the muscles (Sharks, Chinuera), or divided into two 
parallel branches (most Teleostei) ; thus in the Perch there 
are two branches on each side, the superficial of which sup- 
phes the lateral line, whilst tire deep-seated branch communi- 
cates with the spinal nerves and supplic*s the septa between 
the myocomnias and the skin. In fishes which lack the lateral 
inuciferous system and possess hard integuments, as the Ostra- 
cions, the lateral nerve is more or less rudimentary. It is 
entirely abseftt in Myxinoids, but the gastric brandies of the 
Vagus are continued, united as a single nerve, along the intes 
tine to the anus. 

No fish possesses a Nervus accessorius. Also a separate 
Nervus hypoglossus (tiuclfth pair) ^ is absent, but elements 
from the first spinal nerve are distributed in the area 
normally supplied by tliis neiwe in higher vertebrates. 

The number of Spinal nerves corresponds to that of^the 
vertebral, through or between which they pass out. Each 
nerve has two roots, an anterior and posterior, the former of 
which has no ganglion, and exclusively contains motor 
elements. The posterior or dorsal has a ganglionic enlarge- 

^ Muller considers a nerve rising jointly with the Vagus in Petromyzon to 
be this nerve (Pig. 46, hy). 
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ment, and contains sensory elements only. After leaving the 
vertebral canal each spinal nerve usually divides into a 
dorsal and ventral branch. The Gadoids show that peculiarity 
that each of the posterior roots of some or many of the spinal 
nerves possesses two separate threads, each of which has a 
ganglion of its own ; the one of tliese threads joins the dorsal 
and the other the ventral branch. In fishes in which the 
spinal chord is very short, as in Plectognaths, Lophius, the 
roots of the nerves are extremely long, forming a thick 
Cauda equina. The additional function which the (five) 
anterior spinal nerves of Trigla have to perform in supplying 
.. the sensitive pectoral appendages and their 
muscles has caused the development of a paired 
series of globular swellings of the corresponding 
portion of the spinal chord. A similar structure 
is found in Polynemus, 

I A SympatUc nervous system appears to be 

Fig. 46. absent in Branchiostoma, and has not yet been 
Brain and an- clearly made out hi Cyclostomes. , It is well 
of the spinal tieveloped in the Palccichthyes, but without 
chordofTrig. cephalic portion. This latter is present in all 
showing tlie hlsseous hslies, in which communication of the 
giobuiarswei- Sympatluc has been found to exist with all 
base of tiie nerves, except the olfactory, optic, and 

anterior spi- acustic. The sympatliic trunks run along each 
side of the aorta and the back of the abdomen 
into the haemal canal ; communicate in their course with the 
ventral branches of each of the spinal nerves ; and, finally, 
often blend together into a common trunk beneath the 
tail. At the points of communication with the cerebral and 
spinal nerves frequently ganglia are developed, from which 
nerves emerge which are distributed to the various viscera. 
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THE OEGANS OF SENSE. 

Chaeactekistic of the Organ of Smell in Fishes is that it 
has no relation whatever to the respiratory function, with the 
exception of the Diimoi, in which possil)ly part of the water 
received for respiration passes through the nasal sac. 

The olfactory organ is single in Branchiostoma and the 
Cydostomes, In the former a small depression on the front 
end of the body, clothed with a ciliated epithelium, is re- 
garded as a rudimentary organ of smell. In tlie adult 
PetTomyzon a membranous tube leads from the single opening 
on the top of the head into tlie cartilaginous olfactory capsule, 
the inside of which is clothed by memlnanes prolonged into 
a posterior blind tube (Fig. 30, .s), which penetrates the cartir 
laginous roof of the palate, but not the mucous membrane 
of the buccal cavity. In the Myxinoids the outer tube is 
strengthened by cartilaginous rings like a trachea ; the capsule 
is lined by a longitudinally folded pituitary membrane, and 
the posterior tube opens backwards on the roof of the mouth ; 
the opening is provided with a valve. 

In all other Fishes the organ of smell is double, one being 
on each side ; it consists of a sac lined with a pituitary 
membrane, and without, or with one or two, openings. The 
position of these openings is very different in the various 
orders or suborders of Fishes. 

In the Dipnoi the nasal sac opens downwards by two wide 
openings which are within the boundaries of the cavity of the 
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mouth. The pituitary membrane is transversely folded, the 

transverse folds being di- 
vided by one longitudinal 
fold. The walls of the sac 
are strengthened by sun- 
dry small cartilages. 

Also in Chondroptery- 
fjiaiis the openings, of 
which there is one to 
each sac, are on the lower 
part of the snout, and in 
the Eays, Ilolocephali, and 
some Sharks, each ex- 

Fig. 47.— Nostrils of Jiaia hmiprieri, witli tends illto the cleft of the 
nasal flai)s reverted. . ^ i mi 

ihouth. llie openings are 
protected by vahuilar flaps, supported by small cartilages, 
and moved by muscles, whence it may be concluded that 
these fishes are able to scent (actively) as well as to smell 
(passively). 

In the majority of Teleostei the olfactory capsules arc 
lateral or superior on the snout, covered externally by the 
skin, each usually pierced by two openings, which are either 
close together, or more or less remote from each other ; the 
posterior is generally open, the anterior. provided with a valve 
or tube. In the Chromidcs and Labroidei ctenoidei a single 
opening only exists for each sac. In the Murmnidce the two 
openings of each side are either superior, or lateral, or labial, 
that is, they are continued downwards and pierce the margin 
of the upper lip. In many Tetrodonts nasal openings are 
absent, and replaced by a conical papilla, in which the olfactory 
nerve terminates. 

It is certain that fishes possess the faculty of perceiving 
odours, and that various scents attract or repel them. A 
mangled carcase or^fresh blood attracts Sharks as well as the 
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voracious Serrasal monoids of the South American rivers. 
There is no reason to douht that the seat of that peiception is 
in the olfactory sac ; and it may he reasonably conjectured 
that its strength depends mainly on the degree of develop- 
ment indicated by the number and extent of the interior folds 
of the pituitary membrane. 

Organ of Sight— Tii^ position, direction, and dimensions 
of the eyes of fishes vary greatly. Tn some they have an 
upward aspect, and are’ often very close together ; in others 
they are lateral, and in a few they are even directed down- 
wards. The Flat-fislies represent the extraordinary anomaly 
that both eyes are on the same side of tlie liead, and rarely 
on the same level, one being generally placed more forwaid 
tlian the other. In certain species of marine fishes the eyes 
are of an extraordinary*size, a peculiarity indicating that tlie 
fish either lives at a great depth, to \vhich^nly a small pro- 
portion of the rays of light penetrate, or that it is ol nocturnal 
habits. In fishes which have descended to such great depths 
that no rays whatever can reach them, or in fresh-water fishes 
living in caves, or in species which grovel and live constantly 
in mud, the eyes are more or less aborted, sometimes ctuite 
rudimentary, and covered by the skin. In very few this 
organ appears to be entirely absent. In some Gobioids and 
Trachinoids (FeTiophtha2mus,Boleoj)htJialmuSy ITronoscopuSj etc.) 
the eyes, which are on the upper side of the head, can be elevated 
and depressed at the wfill of the fish. In the range of their 
vision and acuteness of sight. Fishes are very inferior, to the 
higher classes of Vertebrates, yet at the same time it is 
evident that they perceive their prey or approaching danger 
from . a considerable distance ; and it would appear that the 
visual powers of a Pmophthalmus, when hunting insects on 
mud-flats of the tropical coasts, are quite equal to that of a 
frog. Again, the discrimination with which fishes sometimes 
prefer one colour or kind of artificial fly to another affords 
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sufficient evidence that the vision, at least of certain species 
is by no means devoid of clearness and precision. 

.The eye of Brancliiostoma is of the most rudimentary con- 
dition. It is simply a minute speck coated by dark pigment, 
and receiving the end of a short nerve. In Myxinoids the 
minute rudiment of the eye is covered by the skin and mus- 
cles. This is also the case in many of tire blind Teleosteons 
fishes; however, whilst in tlie former fislies tire organ of sight 
has not attained to any degree of development, the rudiment- 
ary eye of blind Teleostei is a retrogressive formation, in which 
often a lense and other portions of the eye can be recognised. 
In fishes with a well-developed e}'e it is imbedded in a layer 
of gelatinous and adipose substance, which covers the cavity of 
the orbit. A lacrynial gland is absent. In the orbit of one fish 
onlj , ChorisModenlcit;, an organ has been found which can he 
compared to a s9ccais lacrymalis. It is a round, blind, wide 
sac, of the size of a pea, situated liclow the anterior corner of 
the orbit, between the maxillary bone and the muscles of the 
cheek, communicating Iry a rather wide foramen with the 
orbital cavity. The membrane by whicli it is formed is con- 
tinuous with that coating the orliita. In the Clioudroptery- 
gians the eyeball is supported by and moves on a cartilaginous 
peduncle of the orbital wall. In the majority of Teleostcans, 
and in Acipenser, a fibrous ligament attaches .the sclerotic to 
the wall of the orbit. The projier muscles of the eyeball 
exist in all fishes, and consist of the four Mtisculi recti and the 
two M.^olliqui. Ill many Teleostei the former rise from a 
suberanial canal, the origin of the M. rectus externus being 
prolonged farthest backwards. The Eccti muscles are extra- 
ordinarily long ill the Hammerheaded Sharks, in which they 
extend from the basis cranii along the. lateral prolongations 

of the head to the eyes, which are situated at the extremitie.s 
of the hammer. 

In all fishes the general integument of the head passes 
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over the eye, and becomes transparent where it enters the 
orbit ; sometimes it simply passes over the orbit, sometimes 
it forms a circular fold. The anterior and posterior portions 
may he especially broad and the seat of an adipose deposit 
(adipose eyelids), as in Scomber, Cararx, Mugil, etc. In many 
of these fishes the extent of these eyelids varies with the 
seasons ; during- the spawning season they are so much loaded 
with fat as nearly to hide the whole eye. Many Sharks pos- 
sess a nictitating membrane, developed from the lower part of 
the palpebral fold, and moved by a proper set of muscles. 

The form of the bulhus (Fig. 48) is subhemispherical, the 
cornea (co) being flat. If it were convex, as in higher Verte- 
brates, it would be more liable to injury ; but being level with 
the side of the head the chances of injury by friction are dim- 
inished. The sclerotica (sc) is cartilaginous in Chondropterygians 
and Acipensers, fibrous and of varying thickness in Teleosteans, 
in the majority of which it is supported 
by a pair of cartilaginous or ossified 

hemispheroid cups (c). In a few fishes, 
as in Ceratodus, XipJiias, the cups are 
confluent into one cup, which possesses 
a foramen' behind to allow the passage 
of the optic nerve (o). The cornea of , Fig, 48 . 

Anableps shows an unique peculiarity. Vertical section through 
T, . , , T 1 1 * i. 1 eye of Xiphias. (After 

It IS crossed by a dark horizontal owen.) 

stripe of the conjunctiva, dividing it co, Comea ; sc, sclerotica ; 

into an upper and lower portion; also the 

iris is perforated by two pupils. This fish 

is observed to swim frequently with half 

of its head out of the water, and it is a 

fact that it can see out of the water as 

well as in it. 

The membranes situated between 
fho scle:i^otica and retina are collectively called cJioroidea, and 


0 , nervus opticus ; c, 
sclerotic capsule ; a, 
memhrana argehtea ; 
V, memhrana vascul 9 sa ; 
u, memhrana uvea ; ch, 
choroid gland; r, re- 
tina ; /, processus fal- 
ciformis ; h, humor 
vitreus ; I, lens ; i, 
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th^ee ill number. The one in immediate contact with the 
sclerotic, and continued upon the iris, is by no means constantly 
present; it is the meiribrana argentea (a), and composed of 
microscopical crystals reflecting a silvery or sometimes golden 
lustre. Th6 middle layer is the mcmbrana vasculosa s. halleri 
(i;), the chief seat of the ramifications of the choroid vessels ; 
the innermost layer is the mcmhrana ruyscheana or uvea (- 2 ^), 
which is composed of hexagonal pigment-cells, usually of a 
deep brown or black colour. 

In many Teleostei a rete mirahile surrounds the entry of 
the optic nerve ; it is situated between the membrana argen- 
tea and vasculosa, and. called tlie choroid gland {ch). It 
receives its arterial blood from the artery issuing from the 
pseudobranchia ; the presence of a clioroid gland always being 
combined with that of a pseiidol)ranclna. Teleosteans with- 
out pseudobranchia lack a choroid gland. In the Palaeich- 
thyes, on the other hand, the pseudobranchia is present and 
a choroid gland absent. 

The iris {{) is merely the continuation of the choroid 
membrane; its capability of contracting and expanding is 
much more limited than in higher Vertebrates. Tho. pupil is 
generally round, sometimes horizontally or vertically elliptical, 
sometimes fringed. In the Hays and Pleuronectkke a lobe 
descends from the upper margin of the pupil, and the outer 
integument overlying this lobe is coloured and non-trans- 
parent; a structure evidently preventing light from entering 
the eye from above. 

In most Teleostei a fold of the Choroidea^ called the Pro- 
cessus falcif or mis (/), extends from the vicinity of the entrance 
of the optic nerve to the lens. It seems to be constantly 
absent in Ganoids. 

The retina (r) is the membrane into which the optic nerve 
penetrates, and in which its terminal filaments are distri- 
buted. It consists of several layers (Fig. 49). The outermost 
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is an extremely delicate membrane (a), followed by a layer 
of nerve-cells (&), from which the ter- _ 
minal filaments issue, passing through 
several granular strata (c, d, e), on which 
the innermost stratum rests. This stra- 
tum is composed of cylindrical rods (/) 
vertically arranged, between which twin 
fusiform corpuscles (g) are intercalated. 

This last layer is thickly covered with 
a dark pigment. The retina extends 
over a portion of the iris, and a well- 
defined raised rim runs along its anterior 
margin. 

The vitreous humour (Fig. 48, h) 
which fills the posterior cavity of the eye- 
ball, is of a firmer consistency than in the 
higher Vertebrates. The lens is spheri- 
cal, or nearly so; firm, denser towards Fig. 49.— Vertical section 

the centre, and lies in a hollow of the Retina of the 

., - Perch, magn. X 350. 

Vitreous humour. When a falciform 
process is present, it is with one end attached to the lens^ 
which is thus steadied in its position. It consists of con- 
centric layers consisting of fibres, 
which in the nucleus of the body 
have marginal teeth, by which they 
are interlocked together. In Petro- 
myzon this serrature is absent, or 
but faintly indicated. 

The anterior cavity of the eye 
is very small in Fishes, in conse- 
quence of the small degree of con- 
vexity of the cornea ; the quantity 
of the aqueous humour, therefore, is very small, just suffi- 
cient to. float the free border of the iris; and the lessened 



Fig. 60. — Interlocking fibres of 
lens, highly magnified. 
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refractive power of the aqueous humour is compensated by 
the greater convexity of the lens. 

Organ of Hearing . — No trace of an organ of hearing has 
been found in Branchiostoma. In the Cydostomes the laby- 
rinth is enclosed in externally visible cartilaginous capsules 
laterally attached to the skull ; it consists of a single semi- 
circular canal in the Myxinoids, whilst the Petromyzontes 
possess two semicircular canals with a vestibulum. 

In all other fishes the labyrinth consists of a vestibule 
and three semicircular canals, the vestibule dilating into one 
pr more sacs which contain the otoliths. A tympanum, tym- 
panic cavity, and external parts, are entirely absent in the 
class of fishes. 

In the Chondropterygians and Di^pnoi, the labyrinth is 
enclosed in the cartilaginous substance of the skull. In’ the 
former the excavation in the cartilage is larger than the 
membranous labyrinth, but nearly corresponds to it in form ; 
the part which receives the membranous vestibulum is called 
Vestibulum cartilagineum^ from which a canal issues and 
penetrates to the surface of the skull, where it is closed by 
the skin in Sharks, but opens by a minute foramen in Pays. 
The otolithic contents are soft and chalklike. 

In the Holoceplmli part of the labyrinth is enclosed in the 
cartilage of the skull, another part being in the cranial cavity, 
as in Ganoids and Teleosteans. The membranous vestibulum 
is continued by a canal to a single opening in the roof of the 
skull, from which two smaller canals are continued to two 
small foramina in the skin covering the occipital region. 

In the Teleosteans the sac which contains the otoliths 
lies on each side of the base of the cranial cavity and is 
often divided by a septum into two compartments of unequal 
size, each containing a firm and solid otolith; these bodies 
(Fig. 51), possess indented margins, frequently other impres- 
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Fig. 51.— Otolith 6f 
Haddock (Gadus 
.Tglefiniis). I. Outer, 
II. Inner aspect. 


sions and grooves, in which nerves from the N. acusticus are 
lodged ; they vary much in size and form, 
but in both respects show a remarkable 
constancy in the same kind of fishes. 

The vestibule is outwards in contact with 
the osseous side wall of the skull, inwards 
with the metencephalon and medulla 
oblongata; it contains another firm con- 
cretion, and opens by five fora-mina 
into the three semicircular canals. The terminations of 
the acustic nerve are distributed over the vestibular con- 
cretion and the arnpulliform ends (Fig. 52 j)) of the semi- 
circular canals, without being continued into the latter, which 
are filled with fluid. The semicircular canals (Fig. 52 g), are 
sometimes lodged in the cranial bones, sometimes partly 
free in the cranial cavity. Many Teleostei have fontanelles. 
in the roof of the skull, closed by skin or very thin hone only 
at the place where the auditory organ approaches the surface, 
by which means sonorous undulations must be conducted with 
greater ease to the ear. 


In many Teleostei a most remarkable relation obtains 
between the organ of hearing and the air-bladder. In the 
most simple form this connection is established in Percoids 
and the allied families, in which the two anterior horns of the 
air-bladder are attached to fontanelles of the occipital riigion 
of the skull, the vestibulum occupying the opposite side of 
the membrane by which the fontanelle is closed. The con- 
dition is similar, but more complicated in many Clupeoids. 
The anterior narrow end of the air-bladder is produced into a 
canal at the base of the skiiU, and divided into two very 
narrow branches, which again bifurcate and terminate in a 
globular swelling. An appendage of the vestibulum meets 
the anterior of these swellings, and comes into close contact 
with it. Besides, the two vestibules conSmunicate with each 



118 


FISHES. 


other by a transverse canals crossing the cranial cavity below 
the brain. 
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in Siluridce, Characinidce, Cyprinidce and Gymnotidm, A 
canal issues from the communication betweeil vestibule and 
its sac, and meeting that from the other side forms with it a 
common sinus impar (Fig. 52, r), lodged in the substance of the 
basi-occipital ; this communicates on each side by a small 
orifice with two subspherical atria, on tlie body of the atlas, 
close to the foramen iriagninn. Each atrium is supported 
externally by a small bone {m ) ; a third larger bone {k) com- 
pletes the communication with the anterior part of the air- 
bladder. From the sinus impar a bifid canal penetrates into 
the alisphenoids, in wdiich it terminates. In Cohitis and 
several Loach-like Siluroids the small air-bladder consists of 
two globular jiortions placed side by side, and wholly included 
within two bulke, formed by the modified parapophyses of 
the second and third vertel)rce. The three ossicles on each side 
are present, but concealed by the fore part of the osseous bulla. 

Organ of Taste. — Some fishes, especially vegetable feeders, 
or those provided with broad molar-like teeth, masticate their 
food ; and it may be observed in Carps and other Cyprinoid 
fish, that this process of mastication frecpiently takes some 
time. But tlie majority of fish swallow their food ra^^idly, 
and without mastication, and therefore we may conclude tl^t 
the sense of taste cannot be acute. ' The tongue is often en- 
tirely absent, and even when it exists in its most distinct state, 
it consists merely of ligamentous or cellular substance, and 
IS never furnished with muscles capable of producing th6 
movements of extension or retraction as in most higher 
Vertebrates. A peculiar organ on the roof of the palate of 
Cypiinoids, is perhaps an organ adapted for perception of 
this sense ; in these fishes the palate between and below the 
upper pharyngeal bones is cusliioned with a thick, soft con- 
tractile substance, richly supplied with nerves from the Nervi 
vagus and glossopharyngeus. 
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Organs of T6uch.-Th^ faculty of touch is more developed 
than that of taSte, and there are numerous fishes which possess 
special organs of touch. Most fishes are very sensitive to 
external touch, although their body may be protected by hard 
orny scales. They perceive impressions even on those parts 
wMch are covered by osseous scutes, in the same manner as 
a tortoise perceives the slightest touch of its carapace. The 
seat of the greatest sensitiveness, however, appears to be the 
snout and the labial folds surrounding tlie mouth. Many 
species possess soft and delicate appendages, called barbels, 
which are almost constantly in action, and clearly used as 
organs of touch. Among the Triglidw and allied families, 
there are many species whicli have one or more rays of the’ 
pectoral fin detached from the membrane, and supplied with 
strong nerves. Sucli detached rays (also found in the Poly- 
Bathypterois) are used partly for locomotion, ‘partly 

for the purpose of exploring the ground over which the fish 
moves. 

Some fish appear to be much less sensitive than others, or 
a least lose their sensitiveness under peculiar circumstances. 

It IS well known that a Pike, whose mouth has been lacerated 
and torn by the hook, continues to yield to the temptation 
oi a bait immediately afterwards. The Greenland Shark 
w en feeding on the carcase of a whale allows itself to be 
repeatedly stabbed in the head without abandoning its prey, 
pair 0 Congers are so dead to external impression at the 

“ “'rtomatically, as it tvere. engaged, 
ftat they have been taken by the hand together out of the 
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THE ORGANS OF NUTRITION AND DIGESTION. 

Fishes rtg Gitlicr exclusively carnivorous or lierbivorous, 
but not a few feed on vegetable substances as well as animal, 
or on mud containing alimentary substance in a living or 
decomposing state. Generally they arc V(uy voracious, espe- 
cially the carnivorous kinds, and the rule of eat or be eaten 
applies to them witli unusual force. They are almost con- 
stantly engaged in the juirsuit and cajiture of tlieir prey, the 
degree of their power in tliese respects depending on the 
dimensions of the mouth and gullet and the strength of the 
teeth and jaws. If the teetli are sharp and liooked, tliey are 
capable of securing tlie most slender and agile animals ; if 
this kind of teeth is combined with a wide gullet and disten- 
sible stomach, they are able to overjiower and swallow other 
fish larger than themselves; if the teeth are broad, strong 
molars, they are able to crush tlie hardest aliments; if they 
are feeble, they are only serviceable in procuring some small 
or inert and unresisting prey. Teeth may be wanting alto- 
gether. Whatever the prey, in the majority of cases it is 
swallowed whole ; but some of the most voracious fishes, like 
some Sharks and Cliaracinidce, are provided with cutting 
teeth, which enable them to tear their prey to pieces if too 
large to be swallowed whole. Auxiliary organs for the pur- ’ 
pose of overpowering their prey, which afterwards is seized 
or torn by the teeth, like the claws of some carnivorous 
mammals and birds, are not found in this class; but in a 
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few fishes the jaws themselves are modified for that pur- 
pose. In the Sword-fishes the bones of the upper jaw form 
a long dagger-shaped weapon, with which they not only 
attack large animals, but also frequently kill fishes on which 
they feed. Tlie Saw-fishes are armed with a similar but 
still more complicated weapon, the saw, which is armed 
on each side with large teeth implanted in deep sockets 
specially adapted for killing and tearing the prey before it is 
seized and masticated by the small teeth within the mouth. 
Iishes show but little choice in the selection of their food, 
and some devour their own offspring indiscriminately with 
other fishes. Their digestive powers are strong and rapid 
but subject in some degree to the temperature, which, when 
sinking below a certain point, lowers the vital powers of 
these cold-blooded animals. On the whole, marine fishes are 
more voracious than those inhabiting fresh waters ; and whilst 
the latter may survive total abstinence from food for weeks 
or months, the marine species succumb to hunger within a 
ew days. The growth of fishes depends greatly on the nature 
and supply of food, and different individuals of the same 
species may exhibit a great disparity in their respective dimen- 
sions. Tliey grow less rapidly and to smaller dimensions in 
smaJ ponds or shallow streams than in large lakes and deep 
rivers. The young of coast fishes, when driven out to sea, where 
they find a much smaller supply of food, remain in an unde- 
veloped condition,- assuming an hydropic appearance. The 
growth Itself seems to continue in most fishes for a great length 
of tune, and we can scarcely set bounds to-certainly we know 
not with precision-the utmost range of the specific size of 
shes. Even among species in no way remarkable for their 
dimensions we sometimes meet with old individuals, favour- 
ably situated, which more or less exceed the ordinary weight 
and measurement of their kind. However, there are certain 
evidently short-lived species of fishes which attain a remark- 
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ably uniform size within a very short time ; for instance, the 
Stickleback, many species of GoUus and Clu^ea. 

The organs of nutrition, manducation, and deglutition, are 
lodged in two large cavities— an anterior (the moutli or huccal 
cavity), and a posterior (the abdominal cavity). In the 
former the alimentary organs are associated with those ful- 
filling the respiratory functions, the transmission of food to 
the stomach and of water to tlie gills being performed by 
similar acts of deglutition. The labdominal cavity commences 
immediately behind the head, so, however, that an extremely 
short thoracic cavity for the heart is partitioned off in front. 
Beside, the alimentary organs it contains also those of the 
urogenital system and the air-bladder. The abdominal cavity 
is generally situated in the trunk only, but in numerous fishes 
it extends into the tail, being continued for some dista'nce 
along each side of the luemal apopliyses. 

In numerous fishes the abdominal cavity opens outwards 
by one or two openings. A single porus ahdonmudis in front 
• of the vent is found in Lepidosircn and some Sturgeons ; a 
paired one, one on each side of the vent, in Ceratodiis, some 
species of Sturgeon, LejMosteus, Fohjidcrus, Amia, and all 
Chondropterygians. As in these fishes semen and ova are 
discharged by jiroper ducts, the abdominal openings may serve 
for the expulsion of semen, and those ova only which, having 
lost their way to the abdominal aperture of the oviduct, would 
be retained in the abdominal cavity. In those Tcleosteans which 
lack an oviduct a single ycnitalis opens behind the vent. 

The mouth of fishes shows extreme variation with regard 
to form, extent, and position. Generally opening in front, it 
Daay be turned upwards, or may lie at the lower side of the 
snout, as in most Chondropterygians, Sturgeons, and some 
Teleosteans. Vogt regards tliis position as a persistent foetal 
condition. In most fishes the jaws are covered by the skin, 
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which, before passing over the jaws, is often folded, formino 
more or less fleshy lips. In the Sharks the skin retains its 
external character even within the teeth, but in other fishes 
It changes into a mucous membrane. A tongue may exist as 
a more or less free and short projection, formed by the glosso- 
yal and a soft covering, or may be entirely absent. Salivary 
glands and a velum palah are absent in fishes. 

With regard to tlie dentition, tlie class of Fishes offers an 
amount of variation siicli as is not found in any of the other 
classes of Vertebrates. As the teeth form one of the most 
important elements in the classification of fislies, their special 
arrangement and form will be referred to in the account of 
the various families and genera. Whilst not a few fishes are 
entirely edentulous, in others most of the bones of the buccal 
caMty or some of them, may be tootlied, as tlie bones of the 
jaws, the palatines, pterygoid,s, vomers, basi-sphenoid, glosso- 
hyal, branchial arches, upper and lower pharyngeals. In 
0 lers teeth may be found fixed in some portion of the buccal 
membrane without being supported by underlying bone or 
cartdage; or the teeth have been developed in membrane 
overying one of the dentigerous bones mentioned, without 
aving become anchylosed to the bone. When the tooth is 
xed to the bone the attachment has generally been effected 
y the ossification of the bone of the tooth, but in some fishes 
a process of the bone projects into the cavity of the tooth; in 
others the teeth are implanted in alveoli. In these, again, 

requently a process of bone rises from the bottom, on which 
the tooth rests. 

shaped teeth, have all or some of the teeth fcapable of being 
bent inwards towards the mouth. Such “hinged” teeth 
resume at once the upright position when pressure is removed 
. from them. They are, however, depressible in one direction 
only, thus off-enug no obstacle to the ingress, but opposing the 
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egress of prey. Mr. C. S. Tomes has shown that the means 
by which this mechanism is worked are different in different 
fishes ; for whilst, in the Pediculati and Gadoids (Hake) the 
elasticity resides solely in the tissue of the hinge (the tooth 
being as resilient as ever after everything else is severed), in 
the Pike the hinge is not in the least endowed with elasticity, 
but the bundles of fibres proceeding from the interior of the 
dentine cap are exceedingly elastic. 

As regards texture the teeth of fishes show considerable 
variation. The conical teeth of the Cyclostoiiies and the 
setiform teeth of many Teleostoans consist of a horny albumi- 
nous substance. The principal substance of the teeth of other 
fishes consists of dentine, with numerous dividing and anasto- 
mosing tubercles, sometimes covered by a stratum of unvas- 
cular dentine. An enamel-like substance has been observed 
on the crown of the teeth of ^anjus and BaUstes, and an ossi- 
fication of the capsule of their matrix covers tlie enamel with 
a thin coating of cement. The teeth either possess a cavity 
m which the matrix is received, or, more frecpiently, they are 
solid, in which case vascular canals of the underlying bone 
are continued into the substance of the tooth. In the teeth 
of some fishes numerous sets of canals and tubes are so 
arranged that they do not anastomose with one another, each 
set being surrounded by a layer of dentine and cement. 
These apparently simple teeth arc evidently composed of 
numerous small teeth, and called com/pound teeth. 

The teeth may be, and generally are, very different as 
regards size or form in the different parts of the mouth ; they 
niay be also different according to the age or sex of the fish 
{Raja), The teeth may be few in number and isolated, or 
placed in a single, double, or triple series, distant * from one 
another or closely set ; they may form narrow or broad hands, 
on patches of various forms. As regards form, they may be 
cylindrical or conical, pointed, straight, or curved, with or 
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Without an angular bent near their base ; some are compressed 
laterally or from the front backwards; the latter may be 

triangular in shape, or. truncated at the top like incisors of 

inammals; they may have one apex (cusp) only, or be bi- or 
tri-lobate (bi- or tri-cuspid); or have the margins denticu- 
a ed or serrated. Compressed teeth may be confluent, and 
orm a cutting edge in both jaws, which assume the shape 
of a parrot’s beak (Fig. 53). In some the apex is hooked 



Fig. 53. — Jaws of Calliodoii. 


or provided with barbs. 
Again, some teeth are 
broad, with flat or convex 
surface, like molar teeth. 
With regard to size, the 
^ finest teeth are like fine 
flexible bristles, dliiform 
or setiform ; or, if very 
short and anchylosed to 


. bone, tliey appear 

only as inconspicuous asperities of the bone. Very fine conical 
teeth arranged in a band are termed villiform teeth ■ when 
they are coarser, or mixed with coarser teeth, they are card- 
hke (dents en rape or en cardes) (Fig. 54) ; molar-like teeth 
of very small size are termed (jranidar. 

In all fishes the teeth are constantly shed or renewed 
during the whole course of their life. In fishes which have 
compound teeth, as tlie Dipnoi, Chimairoids, Scari,i Gym- 
nodonts, as well as in those which have apparently permanent 
teeth, as in tlie saw of Pristw, tlie detrition of the surface is 
made up by a constant growth of the tooth from its base. 
When the teeth are implanted in alveoli, they are generaUy 
succeeded by others in the vertical direction, but in others 
they.succeed one another, side by side. In the majority of 


“Die^Zihnt Scarivu,^ £oas, 

Die Zahne der Scaroiden, m Zeitschr. f. Wise. Zoolog. xixii (1878). 
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fishes the new tooth is not developed (as in reptiles and 
mammals) in a diverticulum 
of the sack of its predecessor, 
but like this from the free sur- 
face of the buccal membrane. 

Generally there are more than . 
one tooth growing, which are 
in various stages of develo])- 
ment, and destined to replace 
the one in function. This is 
very conspicuous in Sharks, in 
which the whole phalanx of 
their numerous teeth is ever 
marching slowly forwards (or 
in some backwards), in rota- 
tory progress, over the alveolar 

border of the jaw, the teeth p;,. 54,_Car, Hike teeth of rioctro,,o„m 
being successively cast off after dentex, witii canines. 

having readied the outer margin, and fulfilled for a longer 
and sliorter jieriod their special function. 



[The richest materials for our knowledge of the teeth of fishes arc con- 
tained in Om’w’s “ Odontograiihy.” Loud. 1840. 8vo.] 

The intestinal tract is divided into four portions : oeso- 
phagus, stomach, small and large intestine ; two or more of 
these divisions may coalesce in fislies and become indistin- 
gUKhable. But it is characteristic of the class that the 
urinary apertures are constantly situated behind the termina- 
tion of the intestinal tract. 

In Branchiostoma the whole intestinal tract is straight, 
and coated with a ciliated mucous membrane. The wide 
pharynx passes into a narrow oesophagus, ‘this into a gastric 
cavity, the remainder being again narrower and terminating 
iu the anal aperture, which Hes somewhat to the left of the 
median line. The liver is represented by a green coloured 
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ccecal diverticulum of the stomachic dilatation. A mesenterium 
is absent. 

In the Cyclostomi the intestinal tract is likewise straight, 
and without clearly defined divisions ; however, in Feiromyzon 
the oesophagus shows numerous longitudinal folds, and the 
intestine proper is provided with a single longitudinal fold. 
A mesentery, which is present in the Myxinoids, is represented 
by a short median fold only, by means of which the hind- 
most part of the intestine is fixed. 

The Palmichtliyes show differences in the structure of their 
intestinal tract as considerable as are found among the 
Teleostei, but they have that in common that the absorbent 
surface of their intestine is enlarged by the development of a 
spiral valve, evidence of the presence of which in extinct 
Paloeichthyes is still preserved in the fossilised faeces or 
co'prolitlis, so abundant in some of the older strata. 

In Chondroptcrygians (Fig. 55) the stomach is divided into 
a cardiac and pyloric portion, the former frequently terminat- 
ing in a blind sac, and the latter varying in length. The 
pyloric portion is bent at its origin and end, and separated from 
the short duodenum (called Bursa cntiana in these fishes) by 
a valve ; the ductus hepaticus and pancreaticus enter the 
duodenum. This is succeeded by the straight intestine pro- 
vided with the spiral valve, the coils of which may be either 
longitudinal and wound vertically about the axis of the 
intestine, as in Carcliarias, Galcocerdo, ThalassorhinuSj and 
Zygcena, or they may be transverse to that axis, as in the 
other genera. The number of gyrations in the latter case 
varies : there may be as many as forty. The short rectum 
passes into a cloaca, which contains also the orifices of the 
urogenital ducts. Only the commencement and end of the 
intestinal tract are fixed by mesenterial folds. 

In the Eolocejphali and Dijpnoi, the intestinal tract is short, 
straight, and wide, without stomachic dilatation, a pyloric 
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alve, close to which the ductus choledochus enters, indicating 



Fig. 65. — Siphoiial stomacli and spiral valve of Basking-Sliark (Selache). 

(After Home and Owen.) 

(Esophagus ; Cardiac portion of stomacli ; c, pyloric portion ; d, pouch in- 
termediate between stomach and duodenum, with circular valves at both 
ends ; Duodenum ; f. Valve o€ intestine ; Ductus hepatic us ; /i, Spleen. 

he boundary of the intestine proper (Fig. 57, The spiral 
^alve is perfect, and makes from three {Chimaira) to nine 
Ceratodus) gyrations. A cloaca is present, as in Chon- 
iropterygians. A mesentery fixing the dorsal side of the 
ntestine is absent. 

The other Ganoids resemble again more the Chondrop- 
:erygians in the structure of their intestinal tract. The 
itornach has always a distinct pyloric portion, and has a still 
aiore complicated structure in Acipenser, The duodenal 
portion receives the contents of A 2 opendiccs pyloricce, which 
ire confluent* into a gland-like mass in Acipenser j but separate 
in Polyodonj and numerous and short in iLepidosteus^ whilst 
^olyjpterus possesses one such appendage only. A spiral 
valve is d(lveloped in the Sturgeons and Polypte^s, but in 
in which the intestine performs several convolutmns, 
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the four gyrations of the valve are situated far hack towards 
the end of the intestine. In Lepidosteus the valve is rudi- 
mentary, and indicated only by three raised lines crossing the 
terminal portion of the intestine. In all these Ganoids the 
rectum has a separate opening, without cloaca. 

The structure of the intestinal tract of Teleosteous fishes 
is subject to so numerous modifications that we should go 
beyond the limits of the present work if we would attempt 
to enter into details. Great differences in this respect may 
be found even in groups of the same natural families. 
Frequently the intestinal tract remains of nearly the same 
width throughout its course, and only the entrance of the 
various ducts serves as a guide for the distinction of its 
divisions. An intestine of such uniform width may be 
straight and short, as in Scomhresocidee, Synihranchidcey or it 
may be more or less convoluted and long, as in many 
CyprmidcB, Domdina, etc. On the whole, carnivorous fishes 
have a much shorter and simpler intestinal tract, than 
herbivorous. 

In the majority of Teleosteans, however, oesophagus, 
stomach, duodenum, small intestine and rectum, can be more 
or less distinctly, even externally distinguished. 

There are two predominant forms of the stomach, inter- 
mediate forms being, however, numerous. In the first, the 
siphonal, it presents the form of a bent tube or canal, one- 
half of the horse-shoe being the cardiac, the other the pyloric 
portion. In the second, the coecal^ the cardiac division is pro- 
longed into a long descending blind sac, the cardiac and 
pyloric openings of the stomach lying close iogQtli&t [Cltipea^ 
Scomber, Thynnus, etc.) 

The duodenum receives always the hepatic and pancreatic 
secretions, and, besides, those of the appendices pyloriese, 
which, in varying nurnbers (from 1 to 200), are of very common 
occurrence in Teleosteans (Fig. 56). They vary also in length 
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and width, and whilst the narrowest serve only as secretory 
organs, the widest are frequently found filled with the same 
contents as the intestine. When few in number, each opens 
by a separate duct into the duodenum ; when their number is 
greater two or more coalesce into a common duct ; in the 
latter case the appendages cease to be free, and are connected 
with one another by a more or less firm tissue. 

Coecal appendages at the end of the intestinal tract are of 
exceedingly rare occurrence in fishes {Box), There is no 
cloaca in*Teleosteans. 

In the majority of Teleosteous fishes the vent is situated 
on the boundary between trunk and tail, behind the ventral 
fins. In a few it lies fartlier backwards, not far from the 
caudal fin ; more frequently it is advanced* forwards, under 
the middle of the abdomen or to the scapular arch. In two 
fishes, Ajphredoderus and AmUyoims, it lies before the pec- 
toral fins. 

A peritoneum envelops all the divisions of the intestinal 
tract within the abdominal cavity. A broad, well-developed 
omentum has hitherto been found in Gobieso^t cejphalus 
only. 

Liver, — The existence of a liver in Branchiostoma as a long 
diverticulum of the intestine has been mentioned above. In 
the Myxinoids the liver is divided into two glandular bodies, 
an anterior rounded smaller one, and a posterior larger one of 
an elongate sliape. The gall-bladder lies between both, and 
receives a cystic duct from each of them. In the other fishes 
the proportionally large liver is a single large gland, from 
which only now and then small portions are found to be 
detached. It is either simple, or with a right and left lobe, 
or with a third lobe in the middle; each lobe may have 
incisions or subdivisions, which, however, are very inconstant. 
The^ liver of fishes is distinguished by the great quantity of 
fluid fat (oil) which it contains. The gall-bladder is but 
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rarely absent, and attached to the right lobe, or towards the 
centre ; however, in some fishes it is detached from the liver 
and connected with it by the cystic duct only. The bile may 
be conveyed by one or more hepatic ducts into a common 
duct which is continued towards the gall-bladder as * ductus 
cysticus, and towards the duodenum as daicius choledochns; or 
some of the hepatic ducts enter directly the gall-bladder, or 
directly the duodenum, without communicating with the 
common duct. Individual variations in this respect are of 
common occurrence. 

A 'pancreas has been found liitherto in all Chondroptery- 
gians, Acipenser, and many Teleosteans. In the first it is a 
glandidar mass of considerable size behind the stomach, close 
to the spleen; its duct leads into the duodenum. In the 
Sturgeons the pancreas is attached to the duodenum, and 
opens close to the ductus choledochns. In Siliirus glanis it 
is very large, and the ductus choledochns passes through its 
substance ; it is smaller in Belone and Flmronectcs^ and 
situated in the mesentery ; its duct accompanies the terminal 
portion of the ductus choledochns. In the Salmon, which 
possesses a large lobed p«ancreas, the duct is so intimately 
connected with the ductus choledochns that both appear 
externally as a single duct only. 

The spleen y which is substantially a lymphatic gland, may 
be mentioned here, as it is constantly situated in the imme- 
diate vicinity of the stomach, generally near its cardiac portion. 
With the exception of BrancJiiostoma, it is found in all fishes, 
and appears as a rounded or oblong organ of dark-red colour. 
In the Sharks frequently one or more smaller pieces are de- 
tached from the principal body. In the Dipnoi a thin layer 
of a very soft substance of brownish-black colour below the 
niucous membrane of the stomach and upper part of the 
intestine has been regarded as the homologue of the spleen 
(Kg. 57, m). In most Teleostei the spleen is undivided, 'and 
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appended by its vessels and a fold of the peritoneum to the 
pyloric bend of the stomach or the beginning of the intestine. 



Fig. 57. — Upper part of Intestine of Ceratodus. The anterior wall of the 
intestine is opened, the liver (c) and gall-bladder (e) being drawn forward. A 
slit is made at 7i, through which part of the next compartment of the spirally 
wound intestine may be seen. 

e', Mouth of ductus choledochus ; /, stomach ; i, adipose agglomeration ; I, first 
compartment of intestinal spire ; 7n, spleen ; oe, lower part of oesophagus, 
opened ; p, double pyloric fold ; q q, glandular patches. 
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ORGANS OF RESPIRATION. 

Fishes breathe the air dissolved in water by means of gills 
or branchiie. The oxygen consumed by them is not that 
which forms the chemical constituent of the water, but that 
contained in the air which is dissolved in water. Hence 
fishes transferred into water from which the air has been 
driven out by a high temperature, or. in which the air absorbed 
by them is not replaced, are speedily suffocated. The ab- 
sorption of oxygen by fishes is comparatively small, and 
it has been calculated that a man consumes 50,000 times 
more than is required by a Tench. However, some fishes 
evidently require a much larger supply of oxygen than others : 
Eels and Carps, and otlier fishes of similar low vitality, can 
survive the removal out of their elements for days, the small 
quantity of moisture retained in their gill-cavity being suffi- 
cient to sustain life, whilst other fishes, especially such as 
have very wide gill-openings, are immediately suffocated after 
being taken, out of the water. In some fishes noted for their 
muscular activity, like the Scomhridm, the respiratory process 
IS so energetic as to raise the temperature of their blood far 
beyond that of the medium in which they live. A few fishes, 
especially such as are periodically compelled to live in water 
thickened into mud by desiccation and vitiated by decompos- 
ing substances, breathe atmospheric air, and have generally 
special contrivances for this purpose. These are so much 
habituated to breathing air that many of them, even when 
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brought into pure water of normal condition, are obliged to 
rise to the surface at frequent intervals to take in a quantity 
of air, and if they be kept beneath the surface by means of 
a gauze net, they perish from suffocation. The special con- 
trivances consist of additional respiratory organs, lodged in 
cavities either adjoining the gill-cavity or communicating' 
with the ventral side of the msophagus, or of the air-bladder 
which enters upon respiratory functions (Dipnoi, Lepidosteus. 
Amia). • 

The water used by fishes for respiration is received by the 
niouth, and by an action similar to tliat of swallowing driven 
to the gills,* and expelled by the gill-openings, of which there 
may be one or several on each side behind the head ; rarely 
one only in the median line of the ventral surface. 

• 

The gills or hranchiw consist essentially of folds of the 



mucous membrane of the gill-cavity {lamince IrancTimlei), in 
which the capiUary vessels are distributed. In all fishes the 
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gills are lodged in a cavity, but during the embryonin stage 
the Chondropterygians have the gill-laniinai prolonged into 
long filaments projecting beyond the gill-cavity (Fig. 58), and 
in a few young Ganoids external gills are superadded to the 
internal. 

In BrancJiiostoma the dilated pharynx is perforated by 
numerous clefts, supported by cartilaginous rods (Fig. 29, h). 
The water passes between these clefts into the peritoneal 
cavity, and makes its exit by the porus abdominalis situated 
considerably in advance of the vent. The water is propelled 
by cilia. 

In the Cyclostomes the gills of each side are Ibdged in a 
series of six or more antero-posterioiiy compressed sacs, 
separated from each other by intervening septa. Eacli sac 
communicates by an inner duc^ with the a 3 sopliagus, the 
water being expelled by an outer duct. In Bdellosioma each 
outer duct has a separate opening, Init in Myxine all the outer 
ducts pass outwards by one common gill-opening on each side. 
In the Lampreys the ducts are short, the outer ones having 
separate openings (Fig. 2, p. 39). The inner ducts lead into 
a single diverticulum or bronchus, blind behind, situated 
below the (jesophagus, and communicating in front with 
the pharynx, where it is provided with two valves by which 
the regurgitation of the water into the buccal cavity is 
prevented. 

The same type of branchial organs persists in Cliondrop’ 
terygians^ which possess five, rarely six or seven, flattened 
pouches with transversely plaited walls. The septa between 
them are supported by cartilaginous filaments rising from the 
tyoidean and branchial arches. Each pouch opens by a cleft 
outwards, and by an aperture into the pharynx, without inter- 
vening ducts. The anterior wall of the first pouch is sup- 
ported by the hyoidean arch. Between the posterior wall of 
the first and the anterior of the second sac, and between the 
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adjacent walls of the succeeding, a branchial arch with its 
two series of radiating cartilaginous filaments is interposed. 
Conse(][uently the first and last pouch have one set of gill- 
laminje only, viz. the first on it§ posterior and the last on its 
anterior wall. The so-called spiracles on the upper surface of 
the head of Chondropterygians are to be referred to in connec- 
tion with the respiratory organs. They are the external 
openings of a canal leading on each side into the pharynx, 
and situated generally close to. and behind the orbit. They 
frecpiently possess valves or an irregularly indented margin, 
and are found in all species during the embryonic stage, but 
lemaining •persistent in a part only. Tlie spiracles are the 
remains of the first visceral cleft of tlie embryo, and in the 
foetal state long branchial filaments have been observed to 
protrude, as from the otlier Jbranchial clefts. 

The Holoccphali and Gamidci show numerous deviations 
from the Chondropterygian type, all leading in the direction 
towards the Teleosteans. As a whole tliey take an inter- 
mediate position between the j)receding types and the Tele- 
osteans, but they show a great variation among themselves, 
and have in common only tlie imperfect separation of the 
branchial sacs and the presence of a single outer branchial 
aperture. 

In Chimeera the septum separating the branchial sacs is 
confluent with the wall of the gill-cavity in a part of its 
extent only, and still more imperfect is the separation of those 
branchial divisions in Ceratodus (Fig. 60). The other Ganoids 
show no such division whatever. In Chimeera the first gill 
is incomplete (uniserial), and belongs to the hyoid; then fol- 
low three complete gills; the last, belonging to the fourth 
branchial arch, being again incomplete. Acipenser, Scaphir- 
hynchus, Lepidosiren, Protopterus, and Lepidosteus, possess like- 
wise an anterior incomplete gill {opercular gill), followed by 
four complete gills in the Sturgeons and Zepidosteus, whilst in 
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Lepidosiren and Protopterus a part of the branchial arches is 
gill-less. In Polyodon, Ceratodus, and Polyptems, an opercular 
gill is absent, the two former having four complete gills, the 
latter three and a half only. Spiracles are still in some 
Ganoids present, viz. in the Sturgeons and Polyptcrus. In all 
the Ganoids an osseous gill-cover is now developed. 

In the Teleostei the gills with their supporting branchial 
arches lie in one undivided cavity ; more or less wide clefts 
between the arches lead from tlie pharynx to the gills, and a 
iiiore or less wide opening gives exit to tlie water after it has 
washed the gills. The interbraiicliial clefts have sometimes 
nearly the same extent as the branchial arches ; sometimes 
they are reduced to small openings, the integuments stretch- 
ing from one arch to the otlier. Sometimes tliere is no cleft 
behind the fourth arch, in widely case this arch has only an 
uniserial gill develo])ed. The gill- opening likewise varies 
much in its extent, and when reduced to a foramen may be 
situated at any place of the posterior boundary of the head. 
In the Symlrancliidce the gill-openings coalesce into a single 
narrow slit in the median line of the isthmus. In the 
majority of Teleosteans the integument of the concave side of 
the branchial arches develops a series of horny protuberances 
of various form, the so-called (jill-rakers. Tliey are destined 
to catch any solid corpuscles or substances which would be 
carried into the gill-cavity with the water. In some fishes 
they are setiform, and form a complete sieve, whilst in others 
they are merely rough tubercles, the action of which must be 
very incomplete if they have any function at all. 

•Most Teleosteans possess four complete gills, but fre- 
quently the fourth arch is provided with an uniserial gill 
only, as mentioned above, or even entirely gill-less. The 
most ipaperfect gills are found in Malthe^ which has two and 
a half gills only, and in Amphipnous cucliia, in which one 
small gill is fixed to the second arch. 
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The gais of the Teleosteans' as well as of the Ganoids 
are supported by a series of solid cartila- 
ginous or homy pointed rods, arranged along 
the convex edges of the branchial arches” 



Arches bearing a complete gill have two series 

i-1 1 


of those rods, one along each edge ; Uiose with 
uniserial gills bear one row of rods only. The 
rods are not part of the arch, but fixed in 
its integument, the several rods of one row 
corresponding to those of the other, forming 
pairs (feuillet, Cuvier) (Fig. 59). Each rod is 
covered by a loose mucous membrane pas- 
sing from one rod to its fellow opposite, which 

again is finely transversely plaited, the general 
surface being greatly increased by these plaits. 
In most Teleostei the branchial lamellje are 
compressed, and taper towards their free end, 
but in the Lophobranchs their base is atten- 

f j 1 1 

The mucous 


Fig. 59. — A pair of x 

branchial lamei- uated and the end enlar<md. 


^ J. 11 U mucous 

the Perch. membrane contains the finest terminations 
a,BranchofArteria of the vessels, whicli, being very superficial 

SUbLich hlood-ved colour to living gills,’ 

of the same ; c. The Arteria hranchialis, the course of which 

■\T -I • 


of the same ; c. 

.yxxvy Ui WJliUJl 

bMchialfa ™ the convexity of 

d, Descending branchial arch, emits a branch (a) for every 
branch of the pair of lamella 3 which ascends (b) along the 


same; e, Trans- . ' — ""“t? '' — 

inner edge of the lamella, and supplies every 


verse section . j 

WMai atl the transverse plaits with a branchlet. 

I he latter break up into a fine net of capdlaries, 
rom w ich the oxygenised blood is collected into venous 
ranchlets, returning by the venous branch (d), which occu- 
pies the outer edge of the lamella. 

The so called Pseudohranchice (Fig. 60) are the remains of an 
anterior gill which had respiratory functions during the em- 
ryonic life of the individuals. By a change in the circulatory 
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system these organs have lost those functions, and appear in 
the adult fish as retia mirabilia, as they receive oxygenised 
blood, which, after having passed through their capillary system, 
is carried to other parts of the head. In Palceichthyes the 
pseudobranchia is a rete mirabile caroticum for the brain and 
eye ; in Teleosteans a rete mirabile ophthalmicum only. 
Pseudobranchise are as frequently absent as present in Chon- 
dropterygians as well as Teleosteans. As to the Ganoids, they 
occur in Ceratodus, Aci'pemer, 

PolyodoTiy and LepidosieuSy and 
are absent in LepidosireUy Pro- 
topteruSy ScaphirliynchuSy Poly- 
pteruSy and Amia, 

In Chondropterygians and 
Sturgeons the pseudobran dike 
are situated within the spiracles ; 
in those, in which spiracles have 
become obliterated, the j)seudo- 
branchiae lie on the suspen- 
sorium, hidden below cellular 
tissue ; but pseudobranchia) are 
not necessarily co-existent with 
spiracles. In the other Ganoids 



and Teleosteans the pseudo- 
branchia) (Fig. 60, li) are within 


Fig. 60. — Gillfc of Ceratodua. 

Xy Arcus aortae ; gly Glossohyal ; 
ch, Ccratohyal ; ii. Attachment of 


the gill-cavity, 'near the base of si'i to tho walls of the 

■ I ., . gill-cavity ; A, Pseudobranchia ; 

le gill-cover j in Gcrdtodus even X' y x"y two series of gill-rakers be- 

rudiments of the gill-rakers to the Pseudobranchia. 

belonging to this embryonic gill are preserved, part 
of them {x") being attached to the hyoid arch. Pseudo- 
branchiae are frequently hidden below the integuments of 
the gill- cavity, and have the appearance of a glandular body 
rather than of a g ill. 


[See Miiller, “ Vergleicbende Anatomie des Gefass-systems der Myxinoi- 
den j” and “ Ueber den Ban und die Grenzen der Ganoiden.”] 
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Accessory respiratory organs for retaining water or breath- 
ing air, such as are found in the Labyrinthici, OpUocephalidce, 
certain SiluridcB, and Lutodira, are structures so specialised 
that they are better described in the accounts of the Pishes 
in which they have been observed. 

Air-Bladder.— T \iq air-bladder, one of the most character- 
istic organs of fishes, is a hollow sac, formed of several tunics, 
containing gas, situated in tlie alidominal cavity, but without 
the peritoneal sac, entirely closed or communicating by a 
duct with the intestinal tritct. Being compressible, its special 
functions consist in altering tlie specific gravity of the fish or 
in changing the centre of gravity. In a few fishes it assumes 
the function of the organ of liiglier Vertebrates, of which it is 
the homologue — viz. of a lung. 

The gas contained in the air-bladder is secreted from its 
inner surface. In most fresh-water fishes it consists of 
nitrogen, with a very small quantity of oxygen and a trace of 
■ carbonic acid ; in sea-fishes, especially those living at some 
depth, oxygen predominates, as mncli as 87 per cent having 
been found. Davy found in tlie air-bladder of a fresh-niii 
Salmon a trace of carbonic acid and 10 per cent of oxygen, 
the remainder of the gas being nitrogen. 

An air-bldddier is absent in Leptocardii, Cyclostomi, CJion- 
dropterygii, and Holocrpludi ; but occurs in all Ganoids, in 
which, besides, its respiratory functions more or less clearly 
manifest themselves. Its occurrence in Teleosteans is most 
irregular, closely allied species sometimes differing from each 
other in this respect; it shows in this sub-class the most 
extraordinary modifications, but has no respiratory function 
whatever. 

Constantly situated within the abdominal cavity, below 
the vertebral column, but without the sac of the peritoneum 
which covers only its ventral portion, the air-bladder is fre- 
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quently prolonged into the tail, the prolongation being either 
simple and lodged between the non-iinited parapophyses, or 
double and penetrating between the muscles and luemapo- 
physes of each side. In the opposite direction processes of 
the air-bladder may penetrate into the skull, as has been 
mentioned above (p. 117). In some fishes tlie air-bladder is 
almost loose in tlie abdominal cavity, whilst in others it ad- 
heres most intimately by firm and sliort tissue to tlie vertebral 
column, the walls of the alidomen, and the intestines. In the 
Cobitina and many Siluroids it is more or less completely 
enclosed in osseous capsules formed by the verteluu?. 

The tunics of the majority of air-bladders aw, an extremely 
fine internal one, frequently shining silvery, containing crys- 
talline corpuscles, sometimes covered with a pavement- 
epithelium; and a thicker outer one of a fibrous texture, 
which sometimes attains to considerable thickness and yields 
isinglass. This wall is strengthened in many fishes by mus- 
cular layers for the compression of the whole organ or of 
some portion of it. 

A distinction has been made between air-bladders wdiich 
communicate by a duct with the intestinal tract and those 
which are entirely closed. However, it is to he remembered 
that at an early stage of develojuiient all air-bladders are 
provided with such a duct, which in a part ol tlie fishes more 
or less completely obliterates, being then represented by a fine 
ligament only. In young Luc/kqm'ca of six to eight inches in 
length the duct may be found still open for a considerable 
distance ; and, on the other hand, in adult Flvyrndomi, that is 
Teleosteous fishes with a ductus pneumaticus, not rarely the 
whole duct is found very narrow, or, for some part of its 
length, even entirely closed. 

Air-bladders without duct are found in Acanthopterygians, 
Pharyngognaths, Anacanths, and Lophohranchs. They may 
consist of a single cavity or divided by constrictions into two 
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or three partitions situated behind one' another; they may 
consist of twolateral partitions, assuming a horseshoe-Hke form, 
or thQy may be a single sac with a pair of simple or bifid 



Fig. 61, — Air- bladder of 
Otolithus sp. 



Fig. 62. — Vertical section through ab- 
dominal cavity of Collichthys liicida. 
h, air-bladder ; I, liver ; 5 -, stomach ; 
epp iind external and internal 
laniime of* peritoneum parietale ; 
and 'ijw, external and internal laminae 
of peritoneum visceral e ; dv, dorsal 
air-vessels ; vv, veiitriil air-vessels. 


processes in front or behind (Fig. 61). The families of Sciw- 
mdw and Pohjhemidce possess air-bladders with a most 
extraordinary development of appendages rising from each 
side of the air-bladder. In tlie Sciainoid (Fig. 63) fifty -two 
branches issue from each side, each branch being bifurcate 
and bearing smaller appendages. In Fogonias chroviis (Fi<r. 
64) the sides of the anterior half is provided with irregukr 
broad-fringed appendages, the hindmost of which communi- 
cates by a narrow duct with the posterior extremity of the 
air-bladder. In Collichthys lucida (Fig. 62) twenty-five ap- 
pendages issue from each side; the anterior .ones are directed 
towards the front, but the lateral assume a more posterior 
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direction, the nearer they are to the 
posterior extremity of the air-bladder, 
where they form an assemblage 
giving the appearance of a cauda 
equina. All these appendages soon 
bifurcate in a dorsal and ventral 
stem; these stems bifurcate again 
and again, and either terminate after 
the first or second bifurcation or are 
so far prolonged as to reach ‘the 
median line of the ventral and dorsal 
sides, anastomosing witli the brandies 
of the other side. The branches 
being enveloped in larniiue of the 
peritomeum, form a dorsal and ventral 
sac of beautiful appearance, caused 
by the regular arrangement of the 
air-vessels. The dorsal sac is situated 
between the air-bladder and the roof 
of the abdominal cavity without 
being attached to the latter. Tlie 



■ventral sac receives witliin its cavity 
the intestine, liver, and ovaries. — 
A peculiar mechanism lias been ob- 
served in the air-bladder of the 
Ophidiidm, tlie anterior portion of 
■which can be prolonged by the con- 
traction of two muscles attached to 
its anterior extremity, with or witli- 



out the addition of a small bone. 

A • 1 , , , ^ to sliow openings of the 

-^r-Dlaciders with a pneumatic lateral brandies. 

duct are found in Ganoids and I’hy- branch ; 

stomes, the duct entering the dor- of the air-bladder. 

sal side of the intestinal tract, with the exception of Polyp- 
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terus and the Dipnoi^ in which it enters on the ventral side of 
the oesophagus. In the majority the orifice is in the oeso- 
phagus, but in some, as in Acipenser, in the cardiac portion 
of the stomach, or in its blind sac, as in many Clupeoids. 
The air-bladder may be single, or consist of two divisions 
situated one behind the other (Fig. 52) ; its inner surface may 
be perfectly smooth, or form manifold pouches and cells. If 



two divisions are present the anterior possesses a middle 
elastic membrane which is absent in the posterior; each 
division has a muscular layer, by which it can be separately 
compressed, so that part of the contents of the posterior may 
be driven into the elastic anterior . division, and vice versa. 
The posterior division being provided with the ductus pneu- 
maticus does not require the elasticity of the anterior. 
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Some Siluroids possess a peculiar apparatus for voluntarily 
exercising a pressure upon the air-bladder. From the first 
vertebra a process takes its origin on each side, expanding at 
Its end into a large round plate ; this is applied to the side of 
the air-bladder, and by jiressing upon it expels the air throu-.h 

the duct; the small muscle moving the plate rises from the 
skull. 

The connection of the air-bladder ivith the organ of hear- 
ing in some Physostomes has been described above, p. 117 . 

In the modifications of tlie air-l.ladder, hitherto I’nentione.l 
the chief and most general function is a me.dianical one • this 
organ serves to regulate the specific gravity of the fish, to ai,l 
it m maintaining a particular level in the water, in rising or 
sinking, m raising or depressing the front part of its liody 
as occasion may serve. Yet a secretion of gas from the blood 
into Its cavity must take place; and if this be so, it is not at 
all impossible that also an exchange of gases between the 
two kinds of blood is effected by means of the extraordinary 
oeveloiiment of retia minxhilia in many air-bladders. 

Ill all fishes the arteries of tlie air-bladfler take their ori-in 
from the aorta or the system of the aorta, and its veins return 
either to the portal, or vertel.ral, or l.cpatic veins; like the other 
organs of the abdominal cavity it receives arterial blood and 
returns venous blood. However, in many fishes the arteries 
as well as veins break up below the inner membrane into 
la miraUlm in various ways. The terminal ramifications 

e arteries may dissolve into fan-like tufts of capillaries 
ver almost every par.t of the inner surface, as in Gypri- 
oids. Or these tufts of radiating capillaries are more 
cahsed at various places, as in Esocidm ; or the tufts are so 

mrnT red bodies, the capillaries 

the h vessels, which again ramify freely round 

onlv r f°™ed not 

an/f ^ arteries but also by minute veins, both freely 

mosmg with its kind, and being inextricably inter- 



Fig. 65.— Lung of Ceratodus opened in its'lower half to show its ceUular pouches, a, Right half ; J, Left halt ; c. Cellular pouches ; 
6, Vena pulmonalis ; /, Arterial blood-vessel ; oe, QEsophagus opened, to show glottis (^Z.) 
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woven. The rest of the inner 
surface of the air-bladder re- 
ceives its blood, not from the 
red bodies, but from normally 
rapiifying vessels. This kind 
of rete mirabile or “vaso- 
ganglion” is found in the 
Perch and Gadoids ; it is 
generally distributed in closed 
air-bladders, but also some- 
times observed in air-bladders 
with pneumatic duct. In 
Anguilla and Conger two 
similar vaso-ganglia are situ- 
ated at the sides of the open- 
ing of the pneumatic duct. 

Wlihst the air-bladders 
of some Ganoids, anatomi- 
cally as well as functionally, 
closely adhere to the Teleo- 
steous type, that of Amia is 
more cellular and lung-like in 
its interior than the Teleo- 
steous air-bladder, and Polyp- 
terns approaches the Dipnoi 
not only in having a laterally 
divided air-bladder but also 
in its pneumatic duct entering 
the ventral side of the oesopha- 
gus. The air-bladder of the 
Dipnoi possesses still more 
the anatomical characteristics 
of a lung and assumes its 
functions, though, as it co- 
exists with gills, only perio- 

^ ^ I 

I 
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dicaUy or in an auxiliary manner. The ductus pneumaticus 
IS a membranous bronchus, entering the ventral side of the 
(esophagus, and provided at it^ entrance with a glottis In 
Gcraiodm (Fig. 65) tlie lung is still a single cavity, but with 
a symmetrical arrangement of its internal pouclies; it has 
no pulmonal artery, but receives brandies from the arteria 
ccehaca. Finally, in Lepidosircn and Protoptcrus the lun<r is 
completely divided into lateral halves, and by its cellular 
structure approaches most nearly tliat of a reptile; it is 
supplied with venous blood by a true pulmonary artery. 



Fig. 66. Heart of Lepidosteus osseus. 

I. External aspect. II. Conus arteriosus opened. * 
o, Atoum ; J, Conus arteriosus ; ®, Ventricle ; h. Branchial artery for 
M and 4th gill ; for the second; I, for the first; m, branch for 
the opercular gill ; d, Single valve at the base of the conus : 
Transverse rows of Ganoid valves. 
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OKGANS OF CIRCULATION. 

llie Blood-corpiiscles of lislies are, with one exception, of 
an elliptic shape ; this exception is Petromyzon, wliich pos- 
sesses circular, flat, or slightly biconvex blood-corpuscles. 
They vary mucli in size ; tliey are smallest in Teleosteans and 
Cyclostomes, those of Acerina ccrnua measuring -g-iVx 
indh in their longitudinal, and their transverse 

diameter. As far as it is known at present the Salmonidm 
have the largest blood-corpuscles among "I'eleostcans, those of 
the salmon measuring xgVt ^^7 xAtt apliroaching those of 
the Sturgeon. Those of the (diondroj)terygians are still larger ; 
end finally, Lepidosiren has blood-corpuscles not much smaller 
than those of Perennibranchiates, viz. — 

Branchiostoma is tlie only fisli which does not possess red 
blood-corpuscles. 

[See G. Gulliver, Proe. Zool. Soc.,” 1862, p. 91 ; and 1870, p. 844 ; and 
1872, p. 833.] 

Fishes, in common with the other Vertebrates, are pro- 
vided with a complete circulation for the body, with another 
equally complete for the organs of respiration, and with a 
particular abdominal circulation, terminating at the liver by 
means of the ve7ia portcc ; but their peculiar character con- 
sists in this, that the branchial circulation alone is provided 
at its base with a muscular apparatus or hearty corresponding 
to the right half of the heart of Mammalia and Birds. 

The Seairt is situated between the brancliial and abdo- 
minal cavities, between the two halves of the scapulary arch. 
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rarely farther behind, as in Symhrancliidce, It is enclosed in 
a 'pericardium, generally entirely separated from the abdo- 
minal cavity by a diaphragma, which is, in hict, the an- 
terior portion of the peritoneum, strengtliened by aponeurotic 
fibres. However, in some fishes there is a communication 
between the pericardial and peritoneal sacs, viz. in the 
Chondropterygians and Acipenser, whilst in tlie Myxinoids 
the pericardial sac is merely a continuation of the peritoneum. 

The heart is, relatively to tlie size of tlie body, very small, 
and consists of three divisions : the atrium,, with a large dnm 
venosus into which the veins enter; the ventricle; and a 
conical hollow swelling at the 
beginning of the arterial system, 
the structure of which forms one 
of the most important chanicters 
used in the classification of fishes. 

In all Palceiehthyes (Figs. 66 and 
67) this swelling is still a division 
of the pulsating heart, being pro- 
vided with a thick muscular stra- 
tum; it is not separated froin the 
ventricle by two valves opposibi 
to each other, but its interior is 
fitted with a plurality of valves, 
arranged in transverse series more 
or less numerous in the various 
groups of Palceichthyes. Lepido- 
siren and Protopterus offer an ex- 
ample of a modification of this 
valvular arrangement, their valves being longitudinal, each 
valve in fact being formed by the confluence of several 
smaller ones situated behind one another. This Palaiichthyan 
type is called conus arteriosus. , 

In Gyclostomes and Teleosteans (Fig. 68) the enlargement 



Fij^. 67.— -Heart of Ceratodus. 

Atrium ; h, Conus arteriosus ; 
d. Papillary valve within the 
conns ; e-g, Transverse rows of 
Ganoid valves ; h, i, Anterior 
arcus aortai ; k, I, Posterior arcus 
aortte ; v, Ventricle. 
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is a swelling of the artery, without muscular stratum and with- 
out contractility ; with the exception of the Myxinoids its walls 
are thick, fibrous, with many trabecula3 and pouches, but it 
has no valves in its interior, and is separated from the ven- 
tricle by two valves opposite to each other. This Teleostean 
type is called Imlhus aortas 

The sinus venosus sends the whole of the venous blood 
by a single orifice of its anterior convexity into the atrium ; 



Fig. 68. — Bulbus aortae of Xiphias gladius, opened, 
a, Section through part of the wall of ventricle ; Section tlirough the bulbus ; 
c, Teleosteous valves of the ostium arteriosum ; d, Accessory valves, of rudi- 
mentary nature and inconstant ; e, Trabeculae cameae of the bulbus. 

two thin membranous valvules turned towards the atrium, 
prevent the blood from re-entering the sinus. A pair of other 
valves between atrium and ventricle have the same function. 

The walls of the ventricle are robust, and, interhally, it is f * 
famished with powerful fleshy trabeculae. 
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The bulbus or conus arteriosus is prolonged into the bran- 
chial artery which soon divides, sending off a branch to each 
branchial arch. On returning from the respiratory organ the 
branchial veins assume the structure and functions of arteries 
Several branches are sent off to different portions of the head 
and to the heart, but the main trunks unite to form the great 
artery which carries the blood to the viscera and all the parts 

of the trunk and tail, and which, therefore, represents the 
aorta of higher animals. 

In the majority of Teleosteans the aorta has proper walls 
formed by its own membranes, but in the Sturgeons it is 
independent at its commencement only, and replaced by a 
canal formed by haemal elements of the vertebral column, 
and clothed inside with a perichondrium. In many Chon- 
dropterygians and some Teleosteans {Esox, Clupea, Silurus), 
the aorta possesses its own firm membranes along its ventral 
side, dorsally being protected by a very thin membrane only, 
attached to the concavity of the centra of the vertebrae. 

The circulatory system of Branckiostoma and of the Dipnoi 
shows essential differences from that of otlier fishes. 

Branchiostoma is tlie only fisli which does not possess a 
muscular heart, several cardinal portions of its vascular 
system being contractile. A great vein extends forwards alon<. 

can al region below the notocliord, and exhibits con- 
tractility in a forward direction; it is bent anteriorly, passing 
mto another tube-like pulsatile trunk, the branchial heart 
w nch runs along the middle of the base of the pharynx’ 
sending off branches on each side to tlie branchife; each of 
ese branches has a small contractile dilatation QndUllus) at 

norf anterior branches pass directly into the 

a, e others are branchial arteries, the blood of which 
blonA^Z branchial veins emptying into the aorta. The 
the veins is collected iq a contractile tube, 

Por a vein, situated below the intestine, and distributed 
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)ver the rudimentary liver. Of all other fishes, only in 
Wyxinoids the portal vein is contractile. All the blood- 
jorpuscles of Bra7ichiostoma are colourless and without 
lucleus. 

In Dipnoi a rudimentary division of the heart into a right 
ind left partition has been observed ; this is limited to the 
t^entricle in Cci'atodus, but in Lcpidosii'cn and Pi'otoptevus an 
incomplete septum has been observed in the atrium also. 
A.11 Dipnoi have a pulmonal vein, which enters the atrium 
by a separate opening, provided with a valve. The pulmonal 
artery rises in Lcpidosire^i and Protoptcrus from an arch of the 
aorta, but in Cei'atodus it is merely a subordinate branch, 
rising from the Arteria cceliaca. 



CHAPTEK XT. 


. URINARY ORGANS. 

In BranchiostoTiia no urinary organs have been found. 

In Myxinoids these organs are of a very primitive structure : 
they consist of a pair of ducts, extending from the urogenital 
porus through tlie abdominal cavity. Each duct sends off at 
regular intervals from its outer side a short wide branch (the 
urinifdfous tube), which communicates by a narrow opening 
with a blind sac. At the bottom of this sac there is a small 
vaso-ganglion {Malpighian co'ipuscle)^ by whicli the urine is 
secreted. 

In the Lampreys the kidneys form a continuous gland- 
like body, with irregular detached small portions. The 
ureters coalesce before they terminate in the urogenital 
papilla. 

In Chondropterygiaiis tlie kidneys occupy the posterior 
half or two-thirds of the back of the abdominal cavity, without 
the sac of the peritoneum (as in all lislies) which forms a firm 
tendinous horizontal septum. The kidneys of the two sides 
are never confluent, and generally show a convoluted or 
lobulated surface. The ureters are short ; each is dilated into 
a pouch, and communicating witli its fellow terminates by 
a single urethra (which also receives the vasa deferentia) 
behind the end of the rectum in the large common cloaca. 

Ill Ganoids the kidneys occupy a similar position as in 
Chondropterygiaiis, but these fishes differ considerably with 
regard to the termination and the arrangement of the ends of 
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the urogenital ducts. The Dipnoi possess a cloaca. In 
Ceratodm the ureters open into it by a common opening, 
separate from the genital opening ; and no closed urinary 
bladder has been developed. Lepidosiren has a small urinary 
bladder ; the ureters do not communicate directly with it, but 
terminate separately on small papilla? in the dorsal compart- 
ment of the cloaca. The other Ganoids lack a cloaca, and the 
urogenital opening is behind the vent as in Teleosteans. In 
all the genital and urinary ducts coalesce towards their end. 
The Sturgeons have no urinary bladder, whilst it is present 
in Amia, the ureters opening separately into it. 

The hidiicys of Teleosteans are situated likewise without 
the peritoneal cavity, immediately below some part of the 
vertebral column, and vary exceedingly with regard to form 
and extent. Sometimes they reach from the skull to l|^tween 
the muscles of the tail, sometimes they are limited to the 
foremost part of the abdominal cavity (in advance of the 
diaphragm), but generally their extent corresponds to that of 
the abdominal portion of tlie vertebral column. Frequently 
they are irregular on their dorsal surface, filling every avail- 
able recess, flat, attenuated on the sides, more or less coales- 
cent towards the middle; in other fishes they are more 
compact bodies. The ureters terminate, either separate or 
united, in a urinary bladder, varying in shape, which opens 
by a short urethra behind the vent. The urinary opening 
' may be separate or confluent with that of the genital ducts, 
and is frequently placed on a more or less prominent papilla 
{papilla urorjenitalis). If separate, tlie urinary opening is 
behind the genital ; and if a papilla is developed, its extre- 
mity is perforated by the urethra, the genital opening being 
situated nearer the base. A few Teleosteans show an arrange- 
ment similar to that of Chondropterygians and Dipnoi, the 
urogenital openings being in the posterior wall of the fectum 
{SymbrancMdce, Pediculati, and some ElcGtognathi), 
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ORGANS OF REPRODUCTION. 

All fishes are dioecious, or of distinct sex. Instances of 
so-called liermapliroditiwi are, with tlie exception of Serranus, 
abnormal individual peculiarities, and have been observed in 
the Cod-fish, some Pleuronectida^, and in the Herring. Either 
the generative organ of one side was found to be male, that 
of the other female ; or the organ of one or both sides was 
obser\^d to have been developed partly into an ovary partly 
into a testicle. In the European species of Serranus a tes- 
ticle-like body is attaclied to the lower part of the ovary ; 
but many specimens of this genus are undoubtedly males, 
having normally developed testicles only. 

The majority of fishes are oviparous, comparatively few 
viviparous ; the embryos being developed either in the ova- 
rium or in some dilated portion of the oviduct. In vivi- 
parous fishes actual copulation takes place, and the males of 
most of them are provided with copulatory or intromittent 
organs. In oviparous fishes the generative products are, 
during sexual excitement, discharged into the water, a very 
small quantity of semen being sufficient for effectual im- 
pregnation of a number of ova dispersed in a considerable 
quantity of water ; circumstances which render artificial 
imjpregnation more practicable than in any other class of 
animals. 

In Brauchiostoma the generative organs occupy the ventral 
side tf the abdominal cavity, into which they discharge their 
contents. No ducts are developed in either sex. 
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In the Cyclostomes the generative organ is single, and 
fixed to or suspended from the median line of the back of 
the visceral cavity by a duplicature of the peritoneum {mcso- 
arium) ; the testicle and ovary being distinguishable by 
their contents only. These escape by dehiscence of the cells 


or capsules and rupture of the peritoneal covering into the 
abdominal cavity, and are expelled by reciprocal pressure of 
the intertwined sexes througli the genitalis^ wliich is 

sunk between two labia of the skin in Myxme, and produced 
into a long papilla in Petromyzon. 

The ova of the Lampreys are small, globular, like those of 
Teleosteans. Those of ]\ryxine have a very peculiar shape 
when mature; they are of an oval form, about 15 millimetres 
long and 8 millimetres broad, enveloped in 
a horny case, which at each end is provided 
with a bundle of short threads, each thread 
ending in a triple hook. Whilst in the 
mesoarial fold the eggs are attached to one 
another by means of these hooks, and after 
being expelled they probably fix themselves 
by the same means to other objects. As in all 
fishes producing ova of large size, the number 
of OA'a matured in one season is but small. 



^meliorative organs are 


^ . In Tcleosfxans tlie 

rig. 69. — Ovum of 
Myxine giutino.sa, Comparatively large. In some families the 

enlarged. ovai’ies are without closed coverin<jm and witli- 

out oviducts, as in Salniontdw, Gnluxiiclff , Notopteridcc, Munc- 


nidm, and others. The surface of sucli an open ovary — 
as, for instance, tliat of the Salmon — is transversely plaited, 
the ova being dcvelqied in capsules in the stroma of the 
laminm ; after rupture of the capsules the mature ova drop 
into the abdominal cavity, and are expelled by the porus 
genitalis. The ovaries of the other Teleosteans are closed 
sacs, continued into oviducts. Frequently such ovaries 
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coalesce into a single body, or one in which the division 
is effected internally only by a more or less complete sep- 
tum. Fixed by a mesoarium, the ovaries occupy generally 
a position outwards of the intestine or air-bladder; their 
form varies as well as the thickness and firmness of their 
covering, which frequently is an extremely thin trans- 
parent membrane. The inner surface of the ovarian sac 
is transversely or longitudinally plaited or covered with 
fringes, on which the ova are developed, as in the open 
ovaries. In the viviparous Teleosteans the embryons are 
likewise developed within the ovary, notably in the Embio- 
tocid(B, many Ble^iniidcd, and Cyprinodontidce, Sebastes vivi- 



Fig. 70. — Ditrema argenteuni, with fully developed young, ready lor expulsion 
by the genital orifice, o; a, folds of the ovarian sac ; v, vent. 

panes, etc. Among tlie Cyprinodonts the end of the oviduct 
is attached to the anterior anal rays, which are modified 
into supports of its termination. In Bhodeus the oviduct 
is periodically prolonged into a long oviferous tube, by 
means of which the female deposits her ova into the shells 
of living Bivalves. 

The ova of Teleosteous Fishes are extremely variable in 
size, quite independently of the size of the parent species. 
The ova of large and small individuals of the same species, 
of course, do not differ in size ; but, on the whole, larger 
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individuals produce a greater number of ova than smaller 
ones of the same species. The larger the size of the ova is 
in a species, the smaller is the number produced during one 
season. The ova of the Eel are almost microscopic. The 
small sized roe in the Herring, Lump-fish, Halibut, and 
Cod-fish, have been estimated at respectively 25,000, 155,000, 
3,500,000, and 9,344,000. Larger in size and fewer in num- 
ber are those of Antennarius, Salmo, Aspredo, LopJwhranchs, 
etc. Comparatively largest are those of Gadrosteus; and 
the’ Siluroid genus Arius, the males of which 
take care of their progeny, produces ova from 
5 to 10 millimeters in diameter. The ova of 
Fig. 71 . Teleosteans are perfectly globular and soft- 

OvumofArius slielled. Teleosteaiis without oviduct, deposit 
boakii (Cey- , ’ ^ 

Ion), showing them Separated 1 rom one another ; wliilst in many 

embryo. Nat. Telcosteans witli an oviduct the ova are en- 
veloped in a glutinous substance, secreted by its 
glands, swelling in the water and forming lumps or cords, in 
which the ova are aggregated. 

Instances of tlie female taking care of her progeny are 
extremely scarce in fishes. At present only two examples 
are known, tliat of the Siluroid genus Aspj'edOy and of Solcnih 
storna. In the former, during the time of propagation, the 
integuments of the lower side of the flat trunk of the female 
assume a soft and spongy texture. After having deposited 
the eggs, the female attaches tliem to, and presses tlieiii 
into, the spongy integument, by merely lying over tliem. 
She carries them on her belly, as the Surinam Toad (Fipa) 
carries her ova on the back. AVhen tlie eggs are hatched the 
excrescence on the skin disappears, and the abdomen becomes 
as smooth as before. In Solenostoma the inner side of the long 
and broad ventral fins coalesces with the integuments of the 
body, a large pouc'h being formed for the reception of the eggs. 
There is a peculiar provision for the retention of the eggs 




72. Abdomen of Aspredo batrachiiSy with the ova attached; at a, the ova 
removed, td show the spongy structure of the skin, and the processes 
filling ^the interspaces between the ova. (Natural size.) 

The inner walls of the sac are lined with long filaments^ 
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arranged in series along the ventral rays, and more nume- 




Fig. 73.— Solenostoma cyanopterum 9 (Indian Ocean). 

rous and longer at the base of the rays than in the middle 
of their length, behind which they disappear 
entirely. They are also more developed in 
examples in wliicli eggs are deposited in 
the sac than in those which have the sac 
empty. Tlie filaments most developed 
have a length of halt an incli, and are beset 
with mamilliform appendages. A slightly 
undulated canal runs along tlie interior of 
tlie filament. 

Fig. 74.-Pouch >vith Tedicles of tlie Teleosteans are ab 

ova, formed by the ^ . 

ventral fins of Sole- ways paired, and occu])y the same position 

nmioma. Lower oviiiies. Tlioir sizo vai'ics extra- 

aspect ; the edges of ^ ^ 

the fins have been oi’dinardy at the difleient seasons of the 

pushed aside to allow (leferontia arc constant. In 

of a view of the in- ^ . m 1 r 

side of the pouch, the males of viviparous leleosteans the 

(Natural size.) urogcnital papilla is frequently enlarged, 
and clearly serves as an intromittent oi'gan. I n (Jliuus desjpicil' 
latus the vas deferens widens within the abdomen into a 
cavity occupied by a complex network of loose fasciculi, 
rising from the mucous membrane. The cavity can be coin- 
pressed by a special powerful muscle, the accumulated semen 
being thus expelled with considerable force tlirough the nar- 
row aperture of the penis. Tu many Cyprinodonts the vas 
deferens runs along the anterior anal rays, which may he 
thickened, and prolonged into a long slender organ. 
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Many Teleostei take care of their progeny, *but with the 



exception of Aspredo and Solmmtoma, mentioned above (p 
160), it is the male on wliich this duty 
devolves. In some, as in Cottus, Gastrostcvs, 

Cyclopterus, Antennarms, Ophiocephahts, 

Callichthys, tlie male constructs with more 
or less skill a nest, and jealously guards 
the ova deposited in it by the female. 

The male of some species of Arms carries 
the ova (Fig. 7l) about with liirn in his 
capacious pharynx. The species of Cliromis, 
inhabiting, the sea of Galilee, are said to 
take care of their ova in the same manner. 

And, finally, in the Lophobranchs, nature 
has aided this instinct by the development 
of a pouch on the abdomen or lower side 
of the tail. In the Syngnatliidao this pouch 
is formed by a fold of the skin developed 
from each side of the trunk and tail, the 
free margins of the fold being firmly united 
in the median line, whilst the eggs are 
being hatched in the inside of the pouch. 

In Hippocampus the pouch is completely 
closed, with a narrow anterior opening. 

The genital organs of GaTwids show 
similar diversity of structure as those of 
Teleosteans, but on the whole they approach 



Fig. 76. — Sub-caudal 
pouch of SjTQgnathus 
acus, with the young, 
ready to leave the 
pouch. One side of 
the membrane of the 
pouch is pushed 
aside to admit of a 
view of its interior, 
(Natural size. ) 
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the Batmchka type. The ovaries are not closed, except m 
lepidosimi; all Ganoids possess oviducts. In the Sturgeons 
the oviduct as well as the vas deferens is represented by 
a funnel-shaped prolongation of the ijeritoneuni, which com- 
municates with the wide ureter. The inner aperture of 
the funnel is on a level of the middle of the testicle or 
ovary, the outer within the ureter ; and it is a noteworthy 
fact that only at certain periods of the hte of the fish this 
outer aperture is found to be open, — at other times the peri- 
toneal funnel appears as a closed blind sac witVim the ureter. 
The mode of passage of the semen into the funnel is not known. 

In Pohji^tcrus and Amia, proper oviducts, with abdominal 
apertures iu about the middle of the abdominal cavity, are 
developed ; they coalesce with the ureters close to the com- 
mon urogenital aperture. 

In Ccratodus (Fig. 77), a long convoluted oviduct extends 
to the foremost limit of the abdominal cavity, where it opens 
by a slit at a considerable distance from the front end ot the 
long ovary ; tliis aperture is closed in sexually immature sped- 
mens. The oviducts unite close to their conunon opening in 
the cloaca. During their passage through the oviduct the ova 
receive a gelatinous covering secreted l>y its mucous meni- 
brane. This is probably also the case in Lcjndosiren, yflnch 
possesses a convoluted oviduct with secretory glands in the 
middle of its length. The oviduct begins with a funnel- 
shaped dilatation, and terminates in a wide pouch, which 
posteriorly communicates with that ot the other side, both 
opening by a common aperture behind the urinary bladdei. 

The ova of Ganoids, as far as they are known at present, 
are small, but enveloped in a gelatinous .substance. In the 
Sturgeon have been counted as many as 7,635,200. Those 
of Lejddosteus seem to be the largest, measuring 5 millimetres 
in diameter with their envelope, and 3 millimetres without 
it. They are deposited, singly, like those of Newts. 




a, Right ovary shown from the inner surface, which is covered by the peritoneum; a\ Left ovary, showing its outer surface ; Z, Portion of 
Of Oviduct ; p, the lower part of the oviduct is opened to show the folds of its inner membrane ; Opening of the left oviduct 
the right ; r, Abdominal orifice of the oviduct. 
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In ChoTidropterygiaTis (and Holocephali) the organs of re- 
production assume a more compact form, and are more free 
from a lengthened attachment to the back of the abdominal 
cavity. The ovaries of the majority are paired, single in 
the Carchariidm and Scylliidm, one remaining undeveloped. 
But the oviducts are always paired, beginning immediately 
beliind the diaphragma with a common aperture. They 
consist of two divisions, separated by a circular valve ; the 
upper is narrow, and provided within its coats with a gland 
which secretes the leathery envidope in which most of 
the Chondropterygian ova are enclosed ; the lower forms 
the uterine dilatation, in wliich the enil)iyoes of the vivi- 
parous species are developed. Generally the vitelline sac 
of the embryoes is free, and without connection with the 
uterus, which in these cases has merely the function of 
a protecting pouch ; but in Carcharias and Mustelus la3vis a 
placenta uterina is formed, the vascular walls of the vitelline 
sac forming plaits fitting into those of the membrane of the 



Fig. 78. — Ventral tins and claspera of ChiloscyUium trispeculare. 

uterus. The ends of the uteri open by a common aperture 
beliind the ureter into the cloaca. 
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The testicles are always paired, rounded, and situated in 
the anterior part of the abdominal cavity, covered by the 
liver. Vasa efferentia pass the semen into a much-convoluted 
e'pididymis, which is continued into the vas deferens; this, 
at the commencement of its course, is spirally wound, but 
becomes straight behind, and has its end dilated into a 
seminal reservoir. It opens with the urethra in a papilla 
within the cloaca. 


The so-called clas'pers of Chondropterygians (Fig. 78) are 
characteristic of all male individuals. They are semi-ossified 
appendages of the pubic, with which they are movably joined, 
and special muscles serve to regulate their movements. Some- 


times they are armed with hook- 
like osseous excrescences (Selache), 
They are irregularly longitudinally 
convoluted, and, when closely ad- 
pressed to each other, form a canal 
open at their extremity. A gland, 
abundantly discharging a secre- 
tion during the season of pro- 
pagation, is situated at, and opens 
into, the base of tlie canal. It is 
still doubtful whether the generally- 
adopted opinion that their func- 
tion consists in holding the female 
during copulation is correct, or 
whether they are not rather an in- 
tromittent organ, the canal of wdiich 
not ojily conducts the secretion of 
their proper gland but also the 
impregnating fluid. 

The ova of the oviparous Chon- 
dropterygians are large and few in 
number ; they are successively im- 



Fig. 79. — Egg of a Scyllium 
from Magelhan’s Straits (? Sc. 
chilense). Natural size. 
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pregnated, and the impregnation must take place before they 
are invested with a tough leathery envelope which would be 



Fig. 80. — Egg-shell of Cestracion pliilippi, half natural size, linear. 

I. Extenial view. II. Vertical section, 
a, One spiral ridge ; The other spiral ridge ; c, Cavity for the ovum. 

impenetrable to the semen, that is, before they enter the uterus ; 
therefore, copulation must take place in all these fishes. The 
form of the egg-shell differs in the various genera ; generally 
(Fig. 79) they are flattened, quadrangular, with each of the 
four corners produced, and frequently prolonged into long 
filaments which serve for the attachment of the ova to other 
fixed objects. In Notidanus the surfaces are crossed by 
numerous ridges. In Cestracion (Fig. 80) the egg is pyriform, 
with two broad ridges or plates, wound edgewise round it, 
the two ridges forming five spires. The eggs of Callorhynchus 
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(Fig. 81) have received a protective resemblance to a broad- 
leaved fucus, forming a long depressed eUipse, with a plicated 
and fringed margin. 



Fig. 81. — ^Egg of Callorhynclius antarcticus. 
* a, Cavity for the embryo. 
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GROWTH AND VARIATION OF FISHES. 



Changes of form normally accompanying growth (after ab- 
sorption of the vitelline sac) are observed in all fishes ; 
but in the majority they affect only the proportional size 
of the various parts of the body. In 
young fishes the eyes are constantly larger 
than in adult relatively to the size of the 
head ; and again, the head is larger rela- 
tively to that of the body. Changes amount- 
Fig. 82 .— Mouth of metamorpliosis have been hitherto 

Larva of Petromy- observed ill Pctromyzoii only. In the lar- 
zon branchialis. condition {Ammoccetcs) the head is 

very small, and the toothless buccal cavity is surrounded 
^ by a semicircular upper lip. The 

eyes are extremely small, hid- 
den in a shallow groove ; and 
the vertical fins form a con- 
tinuous fringe. In the course of 
three or four years the teeth are 
developed, and the mouth changes 
into a perfect suctorial organ ; 

Fig. 83. -Mouth of Petromyzon the eyes grow ; and the dorsal 
fluviatilis. ... . ... 

Maxillary tooth ; md^ Mandi- divided into twO divisions.' 

buiary tooth ; I, Lingual tooth ; Jn Malacopterygians and Ana- 
8y Suctorial teeth. « . r ^ 

canths the embryonal frmge irom 
which the vertical fins are -developed, is much longer per- 
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sistent than in Acanthopterygians. A metamorphosis relating 
to the respiratory organs, as in Batrachians, is indicated in 
the class of Fishes by the external gills with which fcetal 
Plagiostomes (Fig. 58, p. 136) and the young of some Ganoids, 
viz. the ProtoptcTUs and Polypterus, are provided. 

One of the most extraordinary changes by which, during 
growth, the form and position of several important organs 
are affected, occurs in Flat-fishes {Fleuronectidce) ; their young 
are symmetrically formed, with a symmetrical mouth, and 
with one eye on each side, and, therefore, keep their body in a 
vertical position when swimming. As they grow they live 
more on the bottom, and their body, during rest, assumes a 
horizontal position ; in consequence, the eye of the lower side 
moves towards the upper, whicli alone is coloured; and in 
many genera the mouth is twisted in the opposite direction, 
so that the bones, muscles, and teeth are much more developed 
on the blind side tlian on the coloured. In a great humber of 
other Teleostei certain bones of tlie head show a very different 
form in the young state. Ossification proceeds in those 
bones in the direction of lines or radii which project in the 
form of spines or processes; as the interspaces between 



Fig. 84. — Armature of praK)perculum of young Caraux ferdau. (Magnified.) 

I. Of an individual, inch long. II. Of an individual, 2 inches long. 

these processes are filled with bone, the processes disap- 
pear entirely, or at least project much less in the older than 
in the younger individuals (Fig. 84). The young of some fishes 
may be armed with a long powerful prmopercular or scapular 
apme, or show a serrature of which nothing remains in the 
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adult fish except some ridges or radiating lines. These pro- 
cesses seem to serve as weapons of defence during a period 
in the life of the fish in which it needs them most. In 
not a few instances a portion of this armature is so much 



developed that the disappearance of its most projecting parts 
with the growth of the fish is not only due to its being sur- 
rounded by other bone, but, partially 
at least, caused by absorption. The 
Carangidw, Cyttidw, Squamipinws, 
Xiphiidce, offer instances of such 
remarkable changes. A fish, de- 
scribed as Tholichthys osscus (I ig- 
85), is probably the young of a 
Cyttoid, the supra-scapula, humerus, 
Fig. 86. — ThoUchthys-stage of and prajoperculum forming enor 
Heniochns (?). moiisly enlarged plates. In the fish 

Fig. 86 those bones appear still enlarged, and the frontak 
develop a remarkably long and curved horn above the orbit. 
In the Tholichthys-steLge of Pomacanthus (specimens 10 mi 
metres long. Fig. 87), the frontal bone is prolonged into a 
straight lancet-shaped process, nearly half as long as 
body; the suprascapular and prseopercular processes cover 
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and hide the dorsal and ventral fins. The plates attached to 
the shoulder-giwile remain persistent until the young fish 



Fig. 87. — Tholichthys-stage of Pomacantlius (magn. ) Atlantic. 


has assumed the form of the adult ; thus they are still 


visible in young Chaitodon ^itrinelluSy 
30 millimetres long, in which the 
specific characters are already fully 
developed. — The Sword-fishes witli 
ventral fins {Histiopliorus) belong 
to the Teleosteans of the largest size ; 



in young individuals, 9 millimetres 
long (Fig. 89), both jaws are pro- 
duced, and armed with pointed teeth; the supra-orbita 


margin is ciliated; the parietal and prseoperculum are pro- 
longed into long spines ; the dorsal and anal fins are a 


low fringe, and the ventrals make their appearance as a 
pair of short buds. When 14 millimetres long (Fig. 90) 


the young fish has still the same armature of the head, 
tut the dorsal fin has become much higher, and the ventral 
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filaments have grown to a great length. At a third stage, 



Fig. 89.— Young Sword-fisli (Histiophorus), 9 mill. long. 
Atlantic. (Magii.) 



Fifr, po. — Young Sword-fish (Histiophorus), 14 mill. long. 
South Atlantic. (xMagn.) 


when the fish has attained to a length of GO milhmetres, 



Fig.' 91 .— Young Sword-fish (Histiophorus), 60 mill. long. Mid-Atlantic. 

the tipper jaw is considerably prolonged beyond the lower, 



GEOWTH. 


175 


losing its teeth ; the *pines of the head are shortened, and the 
fins assume nearly the shape which they retain in mature indi- 
viduals. Young Sword-fishes without, ventral fins {Xiphias) 
undergo similar changes ; and, besides, their skin is covered 
with small rough excrescences longitudinally arranged, which 
continue to be visible after the young fish has assumed the 
form of the mature in other respects (Fig. 92). 



Fig. 92.— Xiphias gladius, young, about 8 inches long. 


The Plectognatlis show no less extraordinary changes : 
an extraordinary form taken in the South Atlantic, and 


named Ostracion hoops, is con- 
sidered by Llitken to be the 
young of a Sunfis]i {Ortliacjo- 
riscus),. In very young paore 
advanced Sun-fishes (18 to 32 
millimetres) the vertical dia- 
meter of the body exceeds, 
or is not much less than, the 
longitudinal; and small coni- 
cal spines are scattered over its 



'ig. 93. — “ Ostracion hoops ” (much 
magnified). 


various parts. The caudal 



fih is* developed long after the other vertical fins. 
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SimHar changes take place in a nmmber of other fishes, 
and in many cases the young are so different that they were 
described as distinct genera : thus Priacantichthys has proved 
to be the young of Serranus, Mhynchichthys that of Holocen- 
tmm, Cephalacanthus of Daetylopterus, Bicrotus of Thyrsites, 
Nauclerus of Naucratcs, Porthmeus of Chorinemus, Lampugus 
of Coryphcena, Acronnrus of Aeanthurus, Keris of Naseus, 
Pm-obronchtcs of Fierasfer, Concilia of 3fotella, Stomiasunctdus 
of Stomias, etc. 

The fins are most frequently subject to changes ; but, 
whilst in some fislies parts of them are prolonged into fila- 
ments Avith age, in others the filaments exist during the early 
life-periods only ; Avliilst in some a part of the dorsal or the 
ventral fins is normally developed in the young only, m 
others those very parts are peculiar to tlie mature age. The 
integuments are similarly altered : in some species the young 
only has asperities on the skin, in others the young are 
smooth and the old have a tubercular skin ; in some the 
young only have a hard bony head ; in others (some Silu- 
roids) the osseous carapace of the head and neck, as it appears 
in the adult, is more or less covered with soft skin whilst 
the fish is young. 

In not a few fishes the external changes are in relation 
to the*sexual development {CalHonymus, many Lahyrinthici, 
Cyprinodonts). These secondary seoaml differences show them- 
selves in the male individual, only when it commences to enter 
upon his sexual functions, and it may require two or more 
seasons before its external characteristics are fully developed. 
Immature males do not differ externally from the old female. 
The male secondary sexual characters consist principaUy m 
. the prolongation of some of the fin-rays, or of entire fins ; an 
in Salmonidee in the gi'eater development of the jaw-bones. 
The coloration of the male is in many fishes much brighter 
and more variegated than that of the female, but in com 
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paratively few permanent (as in some Callionymus, Lahrus 
mixtus); generally it is acguired immediately before and 
during the season of propagation only, and lost afterwards. 
Another periodical change in the integuments, also due to 
sexual influence and peculiar to the male, is the excrescence 
of wart-like tubercles on the skin of many Cyprinoids ; they 
are developed chiefly on the head, but sometimes extend over 
the whole body and all the fins. 

With regard to size, it appears that in all Teleosteous fishes 
the female is larger than the male ; in many Cyprinodonts the 
male may be only one-sixth or even less of the bulk of the 
female. The observations on the relative size of the sexes 
are few in Paloiichtliyes, but such as have been made tend to 
show that, if a difference exists at all, the male is generally 
the larger [Lepidosteus), In the Rays (Raja) the sexes, after 
they have attained maturity, differ in the development of 
dermal spines and the form of the teeth, the female being 
frequently much rougher than the male. There is much 
variation in this respect in the different species ; but the 
males are constantly distinguished by an oblong patch of 
erectile clawlike spines on each pectoral fin, and by. having 
the teeth (all, or only a portion) pointed, and not obtuse, like 
those of the females. In Sharks no secondary sexual difier- 
ences have been observed; the male Chimccridce (see Fig. 
96 , p. 184 ), possess a singular comblike cartilaginous ap- 
pendage on the top of the head, which can be erected or 
depressed into a groove, both the appendage and the anterior 
part of the groove being armed with hooklets. The use of 
this singular orga4 is not known. 

The majority of Teleostei are mixogamous — that is, the 
males and females congregate on the spawning-beds, and 
the number of the former being in excess, several males 
attend to the same female, frequently chapging from one 
female to another. The same habit has been observed in 

N 
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Lepidosteiis. Gastrostms is truly polygamous, several females 
depositing their ova into the. same nest, guarded by one 
male only. Some Teleostei (OphiocepJiahcs), and probably all 
Chondropterygians, are monogamous ; and it is asserted that 
the connection between the pair is not merely temporary, but 
lasts imtil they are separated by accident. Monogamous are 
probably also all those Teleosteans which l)ring forth living 
young, and those, tlie males of which, for tlie attraction of 
the female, are provided with appendages, or ornamented 
with a bright coloration. 

Hylridism is another source of changes and variations 
within the limits of a species, and is l)y no means so scarce 
as has been believed hitherto; it is only apparently of ex- 
ceptional occurrence, because tlie life of fishes is more with- 
drawn from our direct observation than that of terrestrial 
animals. It has been observed among species of Serranus, 
Pleuronectidcc, Cyprmidce, Clupcukc, and especially Salnionidd. 
As in other animals, the more certain kinds of fishes are 
brought under domestication, the more readily do they inter- 
breed with other allied species. It is characteristic of hybrids 
that their characters are very variable, the degrees of affinity 
to one or the otlier of the parents being inconstant ; and 
as these hybrids are known readily to breed with either of 
the parent race, the variations of form, structure, and colour 
are infinite. Of internal organs the dmitition, gill-rakers, 
pyloric appendages, are those particularly affected by such 
mixture of species. 

Some fishes are known to grow rapidly (in the course of 
from one to three years) and regularly to a certain size, growth 
being definitely anested after tlie standard has been attained. 
Such fishes may be called “full-grown,'’ in the sense iii'which 
the term is applied to warm-blooded Vertebrates — the Stickle- 
backs, most Cyprinodonts, and many Clupeoids (Herring, 
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Sprat, Pilchard) are examples of this regular kind of growth.^ 
But in the majority of fishes the rate of growth is extremely 
irregular, and it is hardly possible to know when growth 
is actually and definitely arrested. All seems to depend on 
the amount of food and the more or less favourable circum- 
stances under which the individual grows up. Fishes which 
rapidly grow to a definite size are short-lived, whilst those 
which steadily and slowly increase in size attain to a great 
age, Teleosteans as well as Chondropterygians. Carp and Pike 
have been ascertained to live beyond a hundred years. 

It is evident that such diversity and irregularity of 
growth in the same speed es is accompanied by considerable 
differences in the appearance and general development of 
the fish. No instance is more remarkable than that of the 
so-called Leptocephali^ which for a long time have been 
regarded either as a distinct group of Fishes, or as the larval 
stages of various genera of fishes. 



Fig. 95. — Leptoceplialus. 


The Leptocepliali proper are small, narrow, elongate, more 
or less band-shaped fishes, pellucid in a fresh state, but assum- 

Br Wlies to individuals only growing up under normal conditions, 

liv’ ' Meyer has made observations on young Herrings. Individuals 
45 ^t ^ attained at the end of the third month a length of 

we ^ ^ibimetres, whilst those reared from artificially-impregnated ova 
plied millimetres long. When the latter had beep sup- 

thef iT^ • abundant food, they grew proportionally more rapidly in 
the 8^ months, so that at the end of the fifth month they had reached 

metrer^ as their brethren in the sea, viz. a length of 66 to 70 milli- 
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in<T a white colour when preserved in spirits, resembling a 
tapeworm, being quite as soft and flexible. The skeleton is 
. entirely cartilaginous, or slight ossifications are only now and 
then visible, especially towards the end of the vertebral 
column. The latter is replaced by a chorda dorsahs which, 
in many specimens, is found to be divided into numerous 
segments. Neural arches are sometimes present in their 
rudimentary condition. The anterior end of the chorda 
passes into the cartilaginous base of the skull, the connec- 
tion not being by means of joint and ligaments. Hiemal 
arches are found on the caudal portion. Eibs none. The 
skull like the vertebral column, is nearly entirely cartila- 
irinous. The basi-sphenoid, frontal, and jaw-bones are the 
first which may be distinguished, and the mandible has 
generally ossifications. 

The muscles are generally not attached to the chorda, 
which is surrounded by a thick gelatinous mass, separating 
the lateral sets of muscles from each other. Tliese muscles 
are attached to the external integument, cacli forming a thin 
flat angular band, the angle being directed ibrwards. How- 
ever, specimens are frequently found in whicli the muse es 
are more developed, evidently at the expense of the gela- 
tinous matter, which is diniiiiislied in quantity. They ait 
attached to the chorda, ami the entire fish has a more cylin- 
drical form of the body {Hdmichf.hu 

The nervous, circulatory, and respiratory organs are we 
developed. In those with a sub-cylindrical body the bloot 
is red, in those with a flat body the blood-corpuscles show 
but rarely a faint coloration. There are four branchial 
■ * arches, and in some {Tilnrv^) psoudobranchiie have beei^ 

found. The gill-openings are more or less narrow. 
nostrUs are double on each side, and the posterior is 

5 ■ 

The^stomach has a large blind sac, and in LeptocepJi^^^ 
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two lateral caeca. The intestine is straight, running close to 
the abdominal profile, with a small appendix directed for- 
ward and a larger one directed backwards. The vent is 
nearly always very small, and, in preserved examples at 
least, cannot always be discovered. Its position is vari- 
able, even in examples entirely similar in other points. Air- 
bladder none. No trace of generative organs. 

The vertical fins, when present, are confluent, with more 
or less conspicuous traces of rays ; sometimes they are merely 
a fold of the skin, without any rays. Pectoral fins some- 
times present, sometimes rudimentary, sometimes entirely 
absent. Ventrals none. 

Most examples have series of round black dots along 
each side of the abdominal profile, along the lateral line, and 
sometimes along the dorsal fin. They remind us of the lumi- 
nous organs of many Scojyelidcc, Sfomiaiidcv, and other pelagic 
fishes, but are composed entirely of pigmentary cells. 

These fishes are found floating in the sea, frequently at a 
great distance from land. Their movements are slow and 
languid. The largest specimen of Leptocephalus observed 
was 10 inches, but specimens of that size are very rare. 

[See Kolliker, Zeitsclir. wiss. Zool. iv. 1852, p. 360 ; and Cams, Ueber 
die Leptoceplialiden. Leipz. 1861. 4to.] 

Taking into account all the various tacts mentioned, we 
must come to the conclusion that the Leptocephalids are 
the offspring of various kinds of marine fishes, representing, 
not a normal stage of development (larviu), but an arrest 
of development at a very eaifly period of their life ; they con- 
tinue to grow to a certain size without corresponding develop- 
ment of their internal organs, and perish without having 
attained the characters of the perfect animal. The cause 
by which this abnormal condition is brought about is no| 
known ; but it is quite within the limits of probability that 
fishes usually spawning in the vicinity of land sometimes 
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spawn in tlie open ocean, or that floating spawn is carried 
by currents to a great distance from land; and that such 
embryoes, which for their normal growth require the con- 
ditions afforded by the vicinity of the shore, if hatched in 
mid-ocean, grow into undeveloped hydropic creatures, such as 
the Leptocephales seem to be. 

Abundance or scarcity of food, and other circumstances 
connected witli the localities inliabited by fishes, affect con- 
siderably the colour of their muscles and integuments ; the 
periodical changes of colour in connection with their sexual 
functions have been referred to above (p. 176). The flesh 
of many Teleostei is colourless, or but sliglitly tinged' by the 
blood ; that of Scombridie, most Ganoids and Chondroptery- 
gians, is more or less red ; but in ])adly-fed fislies, as well 
as in very young ones, the flesh is invariably white (anamiic). 
Many fishes, like the Sahnoriuhe, feed at times exclusively on 
Crustaceans, and tlie colouring substance of these Inverte- 
brates, which by boiling and by the stomachic secretion turns 
red, seems to pass into the flesh of the fishes, imparting to it 
the well-known salmon ” colour. Further, the coloration of 
the integuments of many marine fish is dependent on the 
nature of their surroundings. In those which habitually hide 
themselves on the bottom, in sand, between stones or sea- 
weeds, the colours of the body readily assimilate to those of 
the vicinity, apd are thus an important element in the economy 
of their life. . The changes from one set or tinge of colours 
to another may be rapid and temporary, or more or less per- 
manent ; in some fishes — as in the Pediculati, of which 
the Sea-Devil, or Loj^hius, and Antenimrim are members — 
scarcely two individuals are found exactly alike in colora- 
tion, and only too frequently such differences in coloration are 
mistaken for specific characters. The changes of colours are 
produced in two ways : either by an increase or decrease of the 
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black, red, yellow, etc., pigment-cells, or cliromatophors, in the 
skin of the fish; or by the rapid contraction or expansion 
of the chromatophors which happen to be developed. The 
former change is gradual, like every kind of growth or de- 
velopment; the latter rapid, owing to the great sensitive- 
ness of the cells, but certainly involuntary. In many bright- 
shining fishes — as Mackerels, Mullets — the colours appear 
to be brightest in the time intervening between the capture 
of the fish and its death : a phenomenon clearly due to the 
pressure of the convulsively-contracted muscles on the chro- 
matophors. External irritation readily excites the chroma- 
tophors to expand — a fact unconsciously utilised by fishermen, 
who, by scaling the Eed Mullet immediately before its death, 
produce the desired intensity of the red colour of the skin, 
without which the fish would not be saleable. However, it 
does not recpiire such strong measures to prove the sensitive- 
ness of the chromatophors to external irritation, the mere 
change of darkness into light is sufiicient to induce them to 
contract, the fish appearing paler, and mce ^ersa. In Trout 
which are kept or live in dark places, the black chromatophors 
are expanded, and, consequently, such specimens are very 
dark-coloured ; when removed to the light they become paler 
almost instantaneously. 

Total absence of chromatophors in the skin, or Albi~ 
nism, is very rare among fishes ; much more common is 
incipient Albinism^ in which the dark chromatophors are 
changed into cells with a more or less intense yellow pig- 
ment. Fishes in a state of domestication, like the Crucian 
Carp of China, the Carp, Tench, and the Ide, are particularly 
subject to this abnormal coloration, and are known as the 
common Goldfish, the Gold-Tench, and the Gold-Orfe. But 
it occurs also not- rarely in fishes living in a wild state, and 
kas been observed in the Haddock, Flounder, Plaice, Carp, 

Roach, and Eel. 
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It will be evident, from the foregoing remarks, that the 
amount of variation within the limits of the same species — 
either due to the natural growth and development, or to 
ex^ternal physical conditions, or to abnormal accidental cir- 
cumstances — is greater in fishes than in any of the higher 
classes of Vertebrates. The amount of variation is greater 
in certain genera or families than in others, and it is much 
greater in Teleosteans and Ganoids than in Chondroptery- 
gians. Naturally, it is greatest in the few species which 
have been domesticated, and which we shall mention in the 
succeeding chapter. 



Fig. 96. — Chimgera colliei St "west coast of North America. A. Front view of 
head. B. Palate, a, Peritoneal aperture ; h, Nostrils ; c, Vomerine teeth ; 
df Mandibular teeth ; Palatine teeth ; /, Claspers. 
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DOMESTICATED AND ACCLIMATISED FISHES ; AETIFICIAL IMPREG- 
NATION OF OVA — TENACITY OF LIFE AND REPRODUCTION 

OF LOST PARTS — HYBERNATION — USEFUL AND POISONOUS 

FISHES. 

A FEW fishes only are thoroughly domesticated — that is, 
bred in captivity, and capable of transportation within cer- 
tain climatic limits — viz. the Carp, Crucian Carp (European 
and Chinese varieties). Tench, Orfe or Ide, and the Goramy. 
The two former have accompanied civilised man almost to 
every pla/^e of the globe where he has effected a permanent 
settlement. 

Attempts to acclimatise particidarly useful species in 
countries in whicli they were not indigenous have been made 
from time to time, but were permanently successful in a few 
instances only ; the failures being due partly to the choice of 
a species which did not yield the profitable return expected, 
partly to the utter disregard of the difference of the climatic and 
other physical conditions between the original and new homes 
of the fish. The first successful attempts of acclimatisation 
were made with domestic specicvS, viz. the Carp and Gold- 
fish, which were transferred from Eastern Asia to Europe. 
Then, in the first third of the present century, the Javanese 
Goramy was acclimatised in Mauritius and Guiana, but no 
care seems to have been taken to insure permanent advan- 
tages from the successful execution of the experiment. In 
these cases fully developed individuals were transported to 
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the country in which they were to be acclimatised. The 
most successful attempt of recent years is the acclimatisation 
of the Trout and Sea-Trout, and probably also of the Salmon, 
in Tasmania and New Zealand, and of the Californian Salmon 
{Salmo quinnat ?), in Victoria, by means of artificially-mi- 
pregnated ova. The ova were transported on ice, in order to 
retard their development generally, and thus to preserve them 
from destruction during the passage of the tropical zone. 

Artificial impregnation of fish-ova was first practised by 
J. L. Jacobi, a native of Westphalia, in the years 1757-63, 
who employed exactly tlie same metliod which is followed 
now ; and tliere is no doubt that this able observer of nature 
conceived and carried out his idea witli the distinct object 
of advantageously restocking water-courses which had become 
unproductive, and increasing production by fecundating and 
preserving all ova, of wliicli a great proportion, in the ordi- 
nary course of propagation, would be left unfecundated or 
accidentally perish. Physiology soon turned to^ account 
Jacobi’s discovery, and artificial impregnation lias proved to 
be one of the greatest helps to the student of embryology. 

Fishes differ in an extraordinary degree with regard to 
tenacity of life. Some will bear suspension of respiration — 
caused by removal from water, or by exposure to cold or 
heat — for a long time, whilst otliers succumb at once. Nearly 
all marine fishes are very sensitive to changes in the tem- 
perature of the water, and will not bear transportation from 
one climate to another. This seems to be much less tlie 
case with some freshwater fishes of the temperate zones : the 
Carp may survive after being frozen in a solid block of ice, 
and will thrive in the southern parts of the temjierate zone. 
On the other hand, some freshwater fishes are so sensitive 
to a change in the water that they perish when transplanted 
from their native river into another apparently offering the 
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same physical conditions (Grayling, Salmo hucho). Some 
marine fishes may be abruptly transferred from salt into 
fresh water, like Sticklebacks, some Blemiies, and Cottus, etc.; 
others survive the change when gradually effected, as many 
migratory fishes ; whilst again, others cannot bear the least 
alteration in the composition of the salt water (all pelagic 
fishes). On the whole, instances of marine fishes voluntarily 
entering brackish or fresh water are very numerous, whilst 
freshwater fishes proper but rarely descend into salt water. 

Abstinence from food affects different fishes in a similarly 
different degree. Marine fishes can endure hunger less than 
freshwater fishes, at least in the temperate zones, no obser- 
vations having been made in tins resjiect on tropical fishes. 
Goldfishes, Carps, Eels, are known to be able to subsist 
without food for montlis, without showing a visible decrease 
of bulk ; whilst the Trigloids, Sparoids, and other marine 
fishes, survive abstinence from food for a few days only. In 
freshwater fishes the temperature of the water is of great 
influence on their vital functions generally, and consequently 
on their appetite, — many cease to feed altogether in the course 
of the winter ; a few, like the Ifike, are less inclined to feed 
^ during the heat of the summer than when the temperature 
is lowered. 

Captivity is easily borne by most fishes, and the appli-. 
ances introduced in our modern aquaria have rendered it 
possible to keep in confinement, and even to induce to 
propagate, fishes which formerly were considered to be in- 
tolerant of captivity. 

Wounds affect fishes generally much less than liigher 
Vertebrates. A Greenland Shark continues to feed whilst his 
head is pierced by a harpoon or by the knife, as long as the 
iiervous centre is not touched ; a Sea-perch or a Pike (Fig. 97) 
^ill survive the loss of a portion of its tail ; a Carp that 
of hal^ of its snout. However, some fishes are much more 
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sensitive, and perish even from the superficial abrasion caused 
by the meshes of the net during capture {Mullsn) 

The power of re'prodiLction of lost parts in Teleosteous 
fishes is limited to tlie delicate terminations of their fin-rays 
and the various tegumentary filaments with which some are 
provided. These filaments are sometimes developed in an 
extraordinary degree, mimicking the waving fronds of the sea- 
weed in which the fish liides. Both the ends of the fin-rays 



Fig. 97. — Pike caught iu the Thames, which, when young, had lost part of the 
tail with the caudal fin. 

and the filaments are frequently lost, not only by accident, but 
merely by wear and tear ; and as these organs are essential 
for the preservation of the fish, their reproduction is necessary. 

In Dipnoi, Ccratodus, and Frotopierus, tlie terminal portion 
of the tail has l)een found to have been rei)roduced, hut with- 
out the notochord. 

nyhernation has been ol)servTHl in many Cyprinoids and 
Munenoids of the temperate zones. They do not fiill into a * 
condition of complete torpidity, as Bej)tiles and Mammals, 
but their vital functions are simply lowered, and they hide 
in sheltered holes, and cease to go abroad in search of their 
food. Between the tropics a great number of fishes (especi- 
ally Siluroids, Lal)yrinthici, Opliiocephaloids, the Dipnoi), 
are fnown to survive long-continued droughts by passing 
the dry season in a perfectly torpid state, imbedded in the 
hardened mud. Protopterus, and probably many of the other 
fishes mentioned, prepare for themselves a cavity large enough 
to hold them, and coated on the inside with a layer of 
hardened mucus, which preserves them from complete desic- 
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cation. It lias been stated tbat in India fisbes may survive 
in this condition for more than one season, and that ponds 
known to have been dry for several years, and to the depth 
.of many feet, have swarmed with fishes as soon as the accu- 
mulation of water released them from their hardened bed. 

The principal use derived by man from the class of Fishes 
consists in the abundance of wholesome and nourishing food 
which they yield. In the Tolar regions especially, whole 
tribes are entirely dependent on this class for subsistence; 
and in almost all nations fishes form a more or less essential 
part of food, many being, in a preserved condition, most im- 
portant articles of trade. The use derived by man from them 
in other ‘respects is of but secondary importance. Cod- 
liver oil is prepared from the liver of some of the Gadoids 
of the Northern Hcmisplicre, and of Sharks ; isinglass from 
the swim-bladder of Sturgeons, Sciienoids, and Polynemoids ; 
shagreen from the skin of Sharks and Eays. 

The flesh of some fislies is at times, or constantly, poison- 
ous. When eaten, it causes symptoms of more or less intense 
irritation of the stomach and intestines, inflammation of the 
mucous membranes, and not rarely death. The fishes, the 
flesh of which appeai-s always to have poisonous properties, 
are Clupea thrissa, Clupca venawsa, and some species of 
Scans, Tetrodon, and Diodon. There are many others which 
have occasionally or frequently caused symptoms- of poison- 
ing Poey enumerates not less than seventy-two different 
kinds from Cuba ; and various species of Sphyreena, Balistes, 
Ostracion, Caranx, Lachnolocmns, Tetragonurus, Thynnus, have 
been found to be poisonous in all seas between the tropics. 

or nearly all these fishes acquire their poisonous proper- 
ties from their food which consists of poisonous Medusae, 
Oorals^ or decomposing substances. Frequefitly the fishes 



190 


FISHES. 


are found to be eatable if the head and intestines be removed 
immediately after capture. In the West Indies it has been 
ascertained that all the fishes living and feeding on certain 
coral banks are poisonous. In other fishes the poisonous 
properties are developed at certain seasons of the year only, 
especially the season of propagation : as the Barbel, Pike, 
and Burbot, whose roe causes violent diarrheeas when eaten 
during the season of spawning. 

Poison-organs are more common in the class of Fislies than 
was formerly believed, but tliey seem to have exclusively tlic 
function of defence, and are not auxili.ary in procuring food, as 
in venomous Snakes. Such organs are found in the Sting-rays, 
the tail of whicli is armed with one or more powerful barbed 



Fig. 98. — Portion of tail, with spines, oi A etobat is narinari, a Sting-ray 
from the Indian Ocean, a, nat. size. 

spines. Although tliey lack a special organ secreting poison, 
or a canal in or on tlie spine by which the venomous fluid is 
conducted, the symptoms caused by a wound from the spine 
of a Sting-ray are such as cannot be accounted for merely by 
the mechanical laceration, the pain being intense, and the 
subsequent inflammation and swelling of the wounded part 
terminating not rarely in gangrene. The mucus secreted 
from the surface of the fish and inoculated by the jagged 
spine evidently possesses venomous iiroperties. This is also 
the case in many Scorpienoids, and in the Weaver (Trachinus), 
in which the dorsal and opercular spines have the same 



POISON-ORGANS. 


191 


function as the caudal spines of the Sting-rays ; however, in 
the Weavers the spines are deeply grooved, the groove 


Fig. 99 . — A dorsal spine, witli 
poison-bags, of Synaticeia 
verrucosa. Indian Ocean. 

being charged witli a 
fluid mucus. In Syn- 
anceia the poison-organ 

(Fig. 99,) is still more rig. lOO.-Opercularpart of the Poison-apparatus 
developed : each dorsal of Thalassophnjm (Panama). 

spine is in its terminal Hinder half of the head, with the venom-sac* 
, -11 -1 in situ, a. Lateral line and its branches ; 

hall provided with a Ciil-opening ; c. Ventral fin ; rf. Base of 

deep groove on each Pectoral fin ; e. Base of dorsal. 

• 1 , , 1 2 . Operculum with the perforated spine. 

Side, at the lower end ol 

which lies a pear-shaped bag containing the milky poison ; 
it is prolonged into a membranous duct, lying in the groove 
of the spine, and open at its point. The native fishermen,Vell 
acquainted with the dangerous nature of these fishes, care- 
fully avoid handling them ; but it often liappens that persons 
wading with naked feet in the sea, step upon the fish, which 
generally lies hidden in the sand. One or more of the erected 
spines penetrate the skin, and the poison is injected into the 
wound by the pressure of the foot on the poison-bags. Death 
has not rarely been the result. 
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The most perfect poison-organ^ hitherto discovered in 
fishes are those of Thalassophryiu, a Batrachoid genus of fishes 
from the coasts of Central America. In these fishes the oper- 
culum again and the two dorsal spines are tlie weapons. The 
former (Fig. 100, “) is very narrow, vertically styliform and very 
mobile ; it is armed behind with a spine, eiglit lines long, and 
of the same form as the hollow venom-fang of a snake, being 
perforated at its base and at its extremity. A sac covering 
the base of the spine discharges its contents tlirough the 
apertures and the canal in the interior of the spine. The 
structure of the dorsal spines is similar. There are no secre- 
tory glands imbedded in the membranes of the sacs ; and the 
fluid must be secreted ])y their mucous meml)rane. The sacs 
are without an external muscular layer, and situated iinnie- 
diately below the thick loose skin which envelops the spines 
to their extremity; the ejection of the poison into a living 
animal, therefore, can only be effected, as in Synanccia, by the 
pressure to wliich the sac is subjected the moment the spine 
enters another body. 

Finally, a singular apparatus found in many Siluroids 
may be mentioned in connection with the poison-organs, 
although its function is still i)roblematical. Some of these 
fishes are anned with j>owerful pectoral spines and justly 
feared on account of the dangerous wounds they inflict; 
not a few of them possess, in addition to the pectoral spines, 
a sac with a more or less wide opening in the axil of the 
pectbral fin ; and it does not seem improbable that it contains 
a fluid which may be introduced into a wound l)y means of 
the pectoral spine, which would be covered witli it, like the 
barbed arrow-head of an Indian. However, whether this 
secretion is equally poisonous in all the species provided with 
that axillaiy sac, or whether it has poisonous qualities at all, 
is a question which can be decided by experiments only made 
with the living fishes. 
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DISTRIBUTION OF FISHES IN TIME. 


Of what kind the fishes were which were the first to make 
their appearance on the globe ; whether or not they were 
identical with, or similar to, any of the principal types exist- 


ing at present ; are questions wliich probaldy will for ever 
remain hidden in mystery and uncertainty. The supposition 
that the Leptocardii and Cyclostomes, the lowest of the 
vertebrate series, must have preceded the other sub-classes, is 
an idea which has l)een held by many Zoologists : and as the 
horny teeth of the Cyclostomes are tlie only parts of their body 


which under fixvourable circumstances might have 
been preserved, I^aheontologists have ever been 
searching for this evidence. 

Indeed, in deposits belonging to the Lower 
Silurian and Devonian, in Eiissia, England, 
and North America, minute, slender, j)ointed 


Fig. 101. 
Right dental 
plate of Myx- 
iiie affniis. 


horny bodies, bent like a hook, with sharp opposite mar- 
gins, have been found and described under the name ol 
Conodonts, More frequently they possess an elongated 
basal portion, in which there is generally a larger tooth 
with rows of similar but smaller denticles on one or both 
sides of the larger tooth, according as this is central or at one 
end of the. base. In other examples there is no prominent 
central tooth, but a series of more or less similar teeth is 
implanted on a straight or curved base. Modifications of 
these arrangements are very numerous, and many Palaeonto- 
logists entertain still doubts whether the origin of these 
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remains is not rather from Annelids and Mollusks than from 
Fishes. 

[See G. J. Himle, in “Quarterly Journal of tlio Geological Society,” 1879.] 

The first undeniable evidence of a fish, or, indeed, of 
a vertebrate animal, occurs in the Ujypcr Silurian Rocks, in 
a bone-bed of the Downton sandstone, near Ludlow. It con- 
sists of compressed, slightly curved, ribbed spines, of less 
than two inches in lengtli (Onch us) ; of small shagreen-scales 
{Tlielodn,^ ; the fragment of a jaw-like bar with pluricuspid 
teeth {Plectroclus) ; tlie cephalic Inicklers of what seems to be 
a species of Ptcraspis; and, finally, the coprolitic bodies of 
phosphate and carbonate of lime, including recognisable re- 
mains of tlie Mollusks and Ciinoids inhabiting the same 
waters. But no vertebra or other part of tlie skeleton has 
been found. The spines and scales seem to have belonged 
to the same kind of fish, which prolialdy was a Ifiagiostome. 
It^is quite uncertain whether or not the Jaw (if it be the 
jaw of a fisli^) belonged to the bucklei-bearing Pieraspis, the 
position of which among fJanoids, with which it is gener- 
ally associated, is open to doubt. 

No detached undoubted tooth of a Tfiagiostome or Ganoid 
scale has been discovered in the Ludlow deposits : l)ut so 
much is certain that those earliest nunains in Paheozoic 
rocks belonged to fishes closely allied to forms occurring in 
greater abundance in the succeeding formation, the Devonian, 
where they are associated with undoubted Pakeichthyes, 
Plagiostomes as well as Ganoids. 

These fish-remains of the Devonian or Old Red Sandstone, 
can be determined witli greater certainty. They consist of 
Bpines or the so-called IcJithyodoi'uliten, which show sufliciently 
distinctive characters to be referred to several genera, one of 

^ Ray Lankester considers it to be a portion of the long denticulated 
ot 9k Evikmispis 
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them, still surviving from the Silurian epoch. All 

these spines are believed to be those of Chondropterygians, to 
which order some pluricuspid teeth {Cladodus) from the Old 
Eed Sandstone in tlie vicinity of St. Petersburg have been 
referred likewise. 

The remains of the Ganoid fishes are in a much more 
perfect state of preservation, so that it is even possible to 
obtain a tolerably certain idea of tlie general appearance and 
habits of some of them, especially of such as were provided 
with hard carapaces, solid scales, and ordinary or bony fm- 
rays. A certain proportion of tliem, as might have been 
expected, remind us, with regard to external form, of Teleos- 
teous fishes rather than of any of the few still existing Ganoid 
types ; but it is contrary to all analogy and to all paleonto- 
logical evidence to suppose that tliose fishes were, with regard 
to their internal structure, more nearly allied to Teleosteans 
than to Ganoids. If they were not true Ganoids, they may 
be justly supposed to have had tlie essential characters of 
Paheichthyes. Other forms exhibit even at. that remote geo- 
logical epoch so unmistakably the characteristics of existing 
Ganoids, tliat no one can entertain any doubt with regard to 
their place in the system. In none of tliese fishes is there 
any trace of vertebral segmentation. 

The Palauchthyes of the Old Eed Sandstone, the syste- 
matic position of which is still obscure, are the Cerpludas'pidce 
from the Lower Old Eed Sandstone of Great Britain and 
Eastern Canada ; PterichtliySy Coccosteus, and Dinichthys : 
genera which have been combined in one group — Placodermi ; 
and Acanthodes and allied genera, which combined numerous 
branchiostegals with chondropterygian spines and a shagreen- 
like dermal covering. 

Among the other Devonian fishes (and they formed the 
majority) two types may be recognised, both of which are , 
mimistakably Ganoids, The first approaches the still living « 
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PolypteruSy with which some of the genera like IHplopterus 
singularly agree in ^the form and armature of the head, 
the lepidosis of the body, the lobate pectoral fins, and 
the termination of the vertebral column. Other genera, as 
Holopty chilis y have cycloid scales ; many have two dorsal fins 
{Holoptychius), and, instead of brancliiostegals, jugular scutes ; 
others one long dorsal confluent with the caudal {Phancro- 
pleuTon), 

In the second type the principal cliaracters of the Dipnoi 
are manifest, and some of tlieni, for example Diptcvus^ Paler- 
dophiiSj JPoloduSj ap|)roacli so closely the Dipnoi which still 
survive, that the diirei’cnces existing between them warrant a 
separation into families only. 

Devonian fishes are frcMiuently found under peculiar cir- 
Icumstances, enclosed in the so-called luxhdcs. These bodies 
are elliptical flattened pebbles, \^iich have resisted the action 
of vater in consequence of their greater hardness, whilst 
the surrounding rock has been reduced to detritus by that 
agency. Their greater density is due to the dispersion in 
their substance of the fat of the animal which decomposed in 
them. Iiequently, oii cleaving one of these nodules with 
the stroke of the hammer, a fish is found embedded in the 
centre. At certain localities of the Devonian, fossil fishes are 
so abundant tljat the whole of the stratum is affected by the 
decomposing remains emitting a peculiar smell when newly 
opened, and acquiring a density and durability not j^ossessed 
by strata without fislies. The flagstones of Caithness are a 
remarkable instance of this. 

The fish-remains of the Carhonif erous formation show a 
great similarity to those of the preceding. They occur 
throughout the series, but are very irregularly distributed, 
being extremely scarce in some countries, whilst in others 
entire beds (the so-called bone-beds) are composed of ichthyo- 
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lites. In the ironstones they frequently form the nuclei of 
nodules, as in the Devonian. 

Of Chondropterygians the spines of Oncliu's and others 
still occur, with the addition of teeth indicative of the exist- 
ence of fishes allied to the (Jestracion-type {Cocliliodus, Psartt- 
moclus) : a type which hencefortli plays an important part in 
the composition of the extinct marine fish faume. Another 
extinct Selachian family, tliat of Hybodontes, makes its 
appearance, but is known from the teetli only. 

Of tlie Ganoid fislies, the family (Traquair) is 

numerously represented ; others are Codacantlis {CoilamniliuSy 
Rliizodus)y and Saiirodiiiteridce {Me(jalidifJiyd), None of these* 
fishes have an ossified vertebral column, but in some {Megal- 
ichthys) the outer surface of the vertebne is ossified into a 
ring; the termination of their tail is iieterocercal. The car- 
boniferous Uronemus and the Devonian PlianerojyUuron are 
probably geiierically the same ; and the Devonian Dipnoi are 
continued as, and well represented by, Ctenodus. 

The fishes of tlie Perm ian group arc very similar to those 
of the Carboniferous. A type wliicli in the latter Avas but • 
very scantily represented, namely tlie Platysomidcey is much 
developed. They were deep-bodied fisli, covered AAuth hard 
rhomboid scales possessing a strong anterior rib, and provided 
with a heterocercal caudal, long dorsal and anal, short non- 
lobate paired fins (when present), and branchiostegals. The 
Palceoniscidcc are represented by many species of PalcconiscuSy 
Pygopterus and AcrolepiSy and Cestracionts by Janassa and 
Strophodus, 

The passage from the Palaeozoic into the Mesozoic era is 
not indicated by any marked change as far as fishes are con- 
cerned. The more remarkable forms of the Trias are Shark- 
lihe fiphes represented by ichthyodorulithes like Nemacanthus^ 
DiacwnthnSy and Hybodus; and Cestracionts represented by 
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species of Acrodus and Strophodus. Of the Ganoid genera 
Godctcantlms, Aviblypterus {Palcconiscidce)^ Sauriclithys persist 
from the Carboniferous epoch. Ccratodus appeal's for the first 
time (Muschel-Kalk of Germany). 

Thanks to tlie researches of Agassiz, and especially Sir P. 
Egerton, the iclithyological fauna of the Lias is, perhaps, the 
best known of the Mesozoic era, 152 species having been 
described. 01 the various localities, Lyme llegis has yielded 
more than any other, nearly all the Liassic genera being 
represented there by not less than seventy-nine species. The 
Hybodonts and Cestracionts continue in tlieir fullest develop- 
ment. Holocephales {Ischyodi(fi), true Sliarks {Palwoscy Ilium), 
Kays {Squaloraja, Arthr opt crus), and Sturgeons {Clioiidrostens) 
make their first appearance; Imt they are sufficiently distinct 
from living types to lie classecl^iji separate genera, or even 
families. The Ganoids, especially Le])idosteoids, jiredominate 
over all the other fishes : Lepidotus, Son unioius, Jdiolidoplwrus, 
Pachycormus, EngnathuH, Tctragonohpis, are rej)resented by 
numerous species; otlier remarkable genera are Anpido- 
rhynclius, Iklonostoinus, Saurostomus, Saurojh^is, Thrissonotus, 
CotioduSy Ptyclwlepis, EndacHs, Ccntrohpis, Legnonotiis, Oxygnti- 
thus, Heterohpidotus, Isocoluvi, OdcorkachiH, Mcaodon, These 
genera offer evidence of a great change since the preceding 
period, the majority not lieing represented in older strata, 
whilst, on the other liand, many are continued into the suc- 
ceeding eolith ic formations. The liomocercal termination of 
the vertebral column commences to supersede the heterocercal, 
and many of the genei’a have well ossified and distinctly seg- 
mented spinal columns. Also the cycloid form of scales 
dbecomes more common: one genus {Lcptolepis) being, with 
regard to the preserved hard portions, of its organisation, so 
similar to the Teleosteous type that some Pala 3 ontologists 
refer it (with much reason) to that sub-class. ' 

DSfe® Bauvwget Essai sur la Faune Ichthyologique de la p4riode Liasique. 

Iii^ M Blbh de F^jcole des hautes 4tudes^' * 5. Faria 1875. 



GEOLOGICAL DISTRIBUTION. 


199 


As already mentioned, the Oolithic formations show a 
great similarity of their fish-fauna to that of the Lias ; hut 
still more apparent is its approach to the existing fauna. 
Teeth have been found which cannot even generically be 
distinguished from Notidanus, The Bays are represented by 
genera like Sipatlwbatis, Bdemnolatis, Tliauiiias ; Holocer 
phali are more numerous than in the Lias {Iscliyodus, Gan- 
odus). The most common Ganoid genera are Catnrus, 
Pycnodus, Pholido'phovus Lcp)idotuSj PeptolcpiSj all of which 
had been more or less fully represented in the Lias. Also 
Ceratodus is continued into it. 

The Cretaceous group offers clear evidence of the further 
advance towards tlie existing fauna. Teeth of Sliarks of 
existing genera Carcharias {fforax), Scyllmm^ NotidanuSy and 
GcdcocerdOy are common in some of the marine strata, whilst 
Hybodonts and Cestracionts are represented by a small num- 
ber of species only ; of the latter one new genus, PtycJioduSy 
appears and disappears. A very characteristic Ganoid genus, 
Macropomaj comprises liomocereal fishes witli rounded ganoid 
scales sculptured externally and pierced by prominent mucous 
tubes. Caturus becomes extinct. Teeth and scales of Lepi- 
dokis (with Sphcvivdus as sub-genus), clearly a fresh-water 
fish, are widely distributed in the Wealden, and finally dis- 
appear in the chalk ; its body was covered with large rhom- 
boidal ganoid scales. Gyrodiis and Aspidorhynclius occur in 
the beds of Voirons, Coelodus and Amiopsis (allied to Amra), 
in those of Comen, in Istria. But the Pahuichthyes are now 
in the minority ; undoubted Teleosteans have appeared, for 
the first time, on the stage of life in numerous genera, many 
of which are identical with still existing fishes. The majority 
are Acanthopterygians, but Physostomes and Plectognaths 
are likewise well represented, most of them being marine* 
Ac^tl3U)pterygi6tn families the first to appear are 
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' represented by several very distinct genera: Beryx ; 
Pseudoheryx with abdominal ventral fins ; Berycopsis with 
cycloid scales; Homonotus, Stcnostoma.Splmioceyhalns, Acanus, 
lloploptcryx, Platycormis with graimlar scales ; Podocys with 
a dorsal extending to the neck ; Acroynstcr, Macrolepis, 
Bhaxohpis from the chalk of Eiazil. Tlie position of Pycnos- 
terynx is uncertain, it approaelies certain Pharyngognatlis. 
True Pcreidcv are absent, whilst the Caranyidcr, Spdiyncnida:, 
Cataphracti, Gohiida\ Cottidcr, and Spnrida- are represented 
by one or more genera. Somewhat less iliversified are 
the Physostomes, whicli belong principally to the Clupcidx 
and Bcrcdi da-, mo A of tlie geneia l)eing extinct; Clnpea is 
abundant in some localities. Scopdida- {/femimurida and 
Sciurocephcdus) occur in the chalk ot Comen in Istria, and of 
Ma'stricht. Of all cretaceous dejarsits none surpass those 
of the Lebanon witli regard to tlie number of genera, species, 
and individuals ; the forms are exclusively marine, and the 
remains in the niost perfect condition. 

In the Tcrliary epocli the Teleosteans liave almost entirely 
replaced the (lanoiils; a few sjiecies only ol the latter make 
their appearance, and they bidong to existing genera, or, at 
least, very closely allied forms [Lcpidodais, Amia, Ilypamta, 
Acipenser). The Chondropterygians merge more and more 
into recent forms ; llolocephali continue, and still are bettei 
represented than in the present fauna. The Teleosteans 
show even in the Eocene a large jiroportion of existing 
genera, and the fauna of some localities of the Miocene 
(Oeningen) is almost wholly composed of them. On the 
whole, hitherto more than one-half have been found to belong 
to existing genera, and there is no doubt that tlie number 
of seemingly distinct extinct genera will be lessened as the 
fossils will be examined with a better knowledge of the living 
fonns. The distribution of the fishes differed widely 
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that of OUT period, many of our tropical genera occurring in 
localities which are now included within our temperate zone, 
and being- mixed with others, which nowadays are restricted 
to a colder climate : a mixture which continues throughout 
the Pliocene. 

A few families of fishes, like the freshwater Salmonidie, 
seem to have put in their appearance in Post-pliocene times ; 
however, not much attention has been paid to fish-remains of 
these deposits ; and such as have been incidentally examined 
offer evidence of the fact that the distribution of fishes has 
not undergone any further essential change down to the 
present period. 

[See E. Sauvafje, Memoh-e sur la Faune Iclithyologi(iue de la periode 
Tertiaire. Paris 1873. 8^.] 



Pig. 10%—Pycnodus rJwmbus, a Ganoid from the Upper Oolite. 



CHArTP:R XVL 


THE DISTRIBUTION OF EXISTING FISHES OVER THE 
earth’s surface — GENERAL REMAIMCS. 

In an account of the geograpliical distribution of fishes the 
Freshvjater forms are to Ixi kept sejiarate from tlie Marine, 
However, wlieii we attempt to draw a line between these two 
kinds of fislies, w'e meet with a great iiumhiu’ of sjiecies and 
of facts which would seem to render that distinction very 
vague. There are not only species wliicli can gradually accom- 
modate themselves to a sojourn in either salt or fresh water, hut 
there are also such as seem to be quite indifferent to a rapid 
’ change from one into the other: so tliat individuals of one 
and the same species (Gastrosteus, Go]>ius, Bleimius, Osmerus, 
Retropinna, Clupca, Syngnatlius, etc.), may be found at some 
distance out at sea, whilst otliers live in rivers far beyond the 
influence of the tide, or even in inland fresh waters without 
outlet to the sea. Tlie majority of tliese fishes belong to 
forms of the launa of the brackish water, and as they arc not 
an insignificant portion of the fauna of almost every coast, 
we shall have to treat of them in a separate chapter. 

Almost every large river offei's instances of truly marine 
fishes (such as Serranus, Sciamidcr, PlcnroncctcSy Chi'pcida^i 
Tetrodon^ Carcharias, Tryrjonida^, ascending for hundreds of 
miles of their course ; and not periodically, or from any appa- 
rent physiological necessity, but sporadically throughout the 
year, just like the various kinds of marine Porpoises which 

folmid all along the lower course of the Qanges, ^ 
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Kiang, the Amazons, the Congo, etc. This is evidently the 
commencement of a change in a fish's habits, and, indeed, not 
a few of such fishes have actually taken up their permanent 
residence in fresh waters (as species of Ambassis, Apogon 
Dales, Therapon, Scioena, Blennius, Gobius, Atlierina, Mugil, 
Myxus, Hemirhamphus, Clupea, Anguilla, Tetrodon, Trygon) : 
all forms originally marine. 

On the other hand, we find fishes Ijclonging to fresh- 
water genera descending rivers and sojourning in the sea for 
a more or less limited period ; luit these instances are much 
less in number than those in wliicli the reverse obtains. We 
may mention species of Salmo (the Common Trout, the 
Northern Charr), and Siluroids (as Arms, Flotosns). Core- 
gonus, a genus so characteristic of the inland lakes of Europe, 
Northern Asia, and North America, nevertheless offers some 
instances of species wandering by the effluents into the sea, 
and taking up their residence in salt water, apparently by 
preference, as Coregomis oxyrhynclms. But of all the Fresh- 
water families none exhibit so great a capability of surviving 
the change from fresh into salt water, as the Gastrosteidce 
(Stickle-backs), of the northern Hemisphere, and the equally 
diminutive Cyiorinodontida: of the tropics ; not only do they 
enter into, and live freely in, the sea, but many species of the 
latter family inhabit inland waters, wdiich, not having an 
outlet, have become briny, or. impregnated with a larger pro- 
portion of salts than pure sea water. During the voyage of 
the Challenger " a species of Fundulus, F. nigrofasciatus, 
which inhabits the fresh and brackish waters of the Atlantic 
States of North America, was obtained, with Scopelid^ and 
other pelagic forms, in the tow-net, midway between St. 
Thomas and Teneriffe. 

Some fishes annually or periodically ascend rivers for the 
purpose of spawning, passing the rest of the year in the sea^ 
9^ Sturgeons, many ^ Salmonoids^ some ClupeoidSy LampreySy ^ 
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etc. The two former evidently belonged originally to the 
freshwater series, and it was only in the course of their 
existence that they acquired the habit of descending to the 
sea, perhaps because their freshwater home did not offer a 
sufficient sfipply of food. These migrations of freshwater 
fishes have been compared with the migrations of birds; 
but they are much more limited in extent, and do not im- 
part an additional element to tlie launa of the place to which 
they migrate, as is the ease with the distant countries to 
whicli birds migrate. 

The distinction between fresliwater and marine fishes is 
further obscured by geological changes, in eonse([uence of 
which the salt water is gradually l)eing changed into fresh, or 
vice versa. These changes are so gradual and spread over so 
long a time, that many of tlie fislies inhabiting such localities 
accommodate themselves to the new conditions. One of the 
most remarkable and best studied instances of such an altera- 
tion is the Baltic, which, during the second half of the Glacial 
period, was in open and wide communication with the Arctic 
Ocean, and evidently had tlie same marine fauna as the 
White Sea. Since then, l>y tlie rising of tlie land of Xortheru 
Scandinavia and Finland, this great gulf of the Arctic Ocean 
has become an inland sea, with a narrow outlet into the 
North Sea, and its water, in consequence of the excess of the 
fresh water pouring into it over the loss by evaporation, has 
been so much diluted as to Ije nearly fresh at its northern 
extremities : and yet nine species, the origin of which from the 
Arctic Ocean can be proved, have survived the changes, propa- 
gating their species, agreeing with their brethren in the Arctic 
Ocean in every point, but remaining cornpai’atively smaller. 
On the other hand, fishes which we must regard as true fresh- 
water fishes, like the lludd, Koach, Pike, Perch, enter freely 
the brackish water of the Baltic.^ Instances of marine fishes 

^ Ekstrbm, Fische in den Scheeren yon Morko. 
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being permanently retained in fresh water in consequence of 
geological changes are well known : thus Coitus quadricornis 
in the large lakes of Scandinavia ; species of GoUus, Blennius, 
and Atherina in the lakes of Northern Italy; Comephorus, 
of the depths of the Lake of Baikal, which seems to be a 
dwarfed Gadoid. Carcharias gangdicus in inland lakes of the 
Fiji Islands, is another instance of a marine fish which has 
permanently established itself in fresh water. 

In the miocene formation of Licata in Sicily, in which 
fish remains abound, numerous Cyprinoids are mixed with 
littoral and pelagic forms. Saiivage found in 450 specimens 
from that locality, not less than 266, which were Leucisci, 
Alburni, or Ehodei. Now, althoiigli it is cpiite possible that 
in consecpience of a sudden catastrophe the bodies of those 
Cyprinoids were carried by a freshwater current into, and 
deposited on the bottom of, the sea, tlie surmise tliat they 
lived together with tlic littoral fishes in tlie brackish water' 
of a large estuary, wliicli was not rarely entered by pelagic 
forms, is equally admissilde. And, if confirmed by other 
similar observations, this instance of a mixture of forms 
which are now strictly freshwater or marine, may have an 
important bearing on tlie question to what extent fishes 
have in time changed their original habitat. 

Thus there is a constant exchange of species in progTCSS 
between the freslnvater and marine faiiiue, and in not a few 
cases it would seem almost arbitrary to refer a genus or even 
larger group of fishes to one or the other ; yet there are cer- 
tain groups of fishes which entirely, or with but few excep- 
tions are, and, apparently, during the whole period of their 
existence have been, inhabitants either of the sea or of fresh 
water ; and as the agencies operating upon the distribution of 
marine fishes differ greatly from those influencing the dis- 
persal of freshwater fishes, the two series must be treated 
separately. The most obvious fact that dry land, tvhioh 



intervenes between river systems, offers to the rapid spread- 
ing of a freshwater fish an obstacle which can be surmounted 
only exceptionally or by a most circuitous route, whilst marine 
fishes may readily and voluntarily extend their original limits, 
could be illustrated by a great number of instances. With- 
out entering into details, it mny suffice to state as the general 
result, that no species or genus of freshwater fishes has any- 
thing like the immense range of the corresponding categories 
of marine fishes ; and tluit, with the exception of tlie Siluroids, 
no other freshwater family is so widely spread as the families 
of marine fishes. Surface temperature or climate which is, if 
not the most, one of the most important physical factors in tlie 
limitation of freshwater fislies, similarly aflects the distribution 
of marine fislies, but in a less degree, and only those wliicli 
live near to the shore or the surface of the ocean ; whilst it 
ceases to exercise its influence in 2>i‘oportion to the deptli, 
the true deep-sea forms Ijeing entirely exempt from its opera- 
tion, Liglit, which is pretty eipially distributed over tlie 
localities inhalhted by freshwatifr fishes, cannot lie considered 
as an important factor in their distribution, but it contributes 
, towards constituting the impassable l)arrier between the sur- 
face and abyssal forms of marine fislies. Altitude has stamped 
the fishes of the various Alpine provinces of the globe with a 
certain character, and limited their distrilnition ; l)ut the 
number of these Aljiine forms is comparatively small, ichthyic 
life being extinguished at great elevations even before the 
mean temperature equals that of the higli latitudes of the 
Arctic region, in which some freshwater fishes flourish. On 
the other hand, the depths of the ocean, far exceeding the 
altitude of the liighest mountains, still swarm with forms 
specially adapted for abyssal life. That other physical con- 
ditions of minor and local importance, under which fresh 
water fishes live, and by which their dispersal is regulated, 
are more complicated than similar ones of the ocean, is 
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probable, though perhaps less so than is generally supposed : 
for the fact is that the former are more accessible to obser- 
ration than the latter, and are, therefore, more generally and 
more readily comprehended and acknowledged. Thus, not 
pnly because many of the most characteristic forms of the 
marine and freshwater series are found, on taking a broader 
view of the subject, to be sufficiently distinct, but also be- 
cause their distribution depends on causes different in their 
nature as well as the degree of their action, it will be 
necessary to treat of the two series separately. Whether the 
oceanic areas correspond in any way to the terrestrial wiU 
be seen in the seciuel. 



Fig. 103. — Ganoid scales of TetragonoUpis. 
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THE DISTRIBUTION OF FRESHWATER FISHES. 

Having shown above that numerous marine fishes enter fresh 
waters, and that some of them have permanently established 
themselves therein, we have to eliminate from the category of 
freshwater fishes all siicli adventitious elements. They are 
derived from forms, tlie distribution of whicli is regulated by 
other agencies, and whicli, th(U‘efore, would obscure the rela- 
tions of the faume of terrestrial regions if they were included 
in tliern. They will be mentioned with greater propriety 
along with the fislies constituting the fiuina of the brackisli 
water. 

True freshwater fishes are the following families and 
groups only : — 


Dipnoi . . with 

4 

species. 

Labyrinthici . with 30 

species 

Apipenseridse and 




Luciocephalkhe ,, 1 

55 

Polyodontidae 


26 

55 

(bistros tens . „ 10 

55 

Amiidse 

j) 

1 

55 

Ophiocephalidai ,, 31 

55 

Polypteridae . 

55 

2 

55 

Mastacembelida3 ,, 13 

55 

Lepidosteidce . 

55 

3 

55 

Chrornides . „ 105 

55 

Percina 

55 

46 

55 

Comeplioridie „ 1 

55 

Grystina 

55 

11 

55 

GadopsidtTe* . „ 1 

55 

Aphredoderidae 

55 

1 

55 

Siluridse . 55 572 

55 

Centrarcliina . 

55 

26 

55 

Characinidie . 5, 261 

55 

Doles . 

55 

10 

55 

Haplochitonidae „ 3 

55 

Nan^didae 

55 

7 

55 

Salmonidae (3 genera 


Poljrcentridae . 

55 

3 

55 

excepted), „ 135 

55 
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Percopsidae . with 1 

species. 

Galaxiidse 


15 


Mormyridae (and 




Gymnarchida}) 


52 


Esocidgo 

5) 

8 

j j 

Umbrida3 

J5 

2 

j j 

Cyprinodontidae 


112 


Heteropygii . 

JJ 

2 


Cyprinida3 

J) 

724 

?) 


KneriidaB . with 2 species. 
Hyodontidae . ,, 1 

Osteoglossidae 5 

Notopteruke . ,, 5 

Gymnotidae . ,, 20 

Hymbranchida} „ 5 

Petromyzontida3 „ 12 

Total 2269 species. 


As in every other class of animals, tliese freshwater 
genera and families vary greatly with regard to the extent 
^ of their geographical range; 'some extend over the greater' 
I half of the continental areas, whilst others are limited to 
one continent oidy, or even to a very small portion of it. 
As a general rule, a genus or family of freshwater fishes 
is regularly dispersed and most developed within a certain 
district, the species and individuals becoming scarcer towards 
the periphery as tlie type recedes more from its central 
home, some outposts being frec[uently puslied far beyond the 
outskirts ot the area occupied by it. But tliere are not want- 
ing those remarkable instances of closely allied forms occur- 
ring, almost isolated, at most distant points, without being 
connected by allied species in the intervening space ; or of 
members of the same family, genus, or species iidiabiting the 
opposite shores of an ocean, and separated by many degrees 
of abyssal depths. We mention of a multitude of such 
instances the following only : — 


Species identical in distant continents — 

1- A number of species inhabiting Europe and the tem- 
perate parts of eastern North America, as Peixa Jluviatilis, 
Grastrosteus puTigitius, Lota vulgaris, Salmo solar, Esox Indus, 

■^dpenser sturio, Adpenser maculos^is, and several Petromy- 

zonts. 


p 
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2. Lates calcarifer is common in' India as weU as in 
Queensland. , rj ^ a 

3 Galmias attcnuatus inhAhits Tasmania,, 

the Falkland Islands, and tlie southernmost part of the South 
American continent. 

4. Several Petromyzonts enter the fresh waters of Tas- 
mania, South Australia, New Zealand, and Chili. 

B. Genera identical in distant continents— 

1 The genus Umbra, so peculiar a form as to he the type 
of a distinct family consisting of two most closely a hed 
species only, one of which is found in the i^antic States 
of North America, the other in the system ot the Daniihe 

2. A very distinct genns of Sturgeons, Scaphirliynchus, 
conslting of two species only, one inhal.iting fresh waters 
of Central Asia, the other the system of the Mississippi. 

3. A second most peculiar genus of Sturgeons, Folyodon, 
consists likewise of two species only, one inhahiting tic 
Mississippi, the other the Yang-tse-kiang. 

4 Aviiurm, a Siluroid, and Catostomns, a Cyprmoid genus, 
both well representeil in North America, occur in a single 
species in temperate China. 

5 lepidosiren is represented hy one .species in tropical 
America, and l.y the .second in tropical Africa (FrotopUn^s). 

6. Kotopterus consists of three Indian and two West Atricaii 

V. Mastacemhdua and Ophiocrphabis, genera characteiistic 
of the Indian region, emerge severally liy a single species i 
West and Central Africa. 

8. Symbrarwhus has two Indian and one South Amen . 

species. _ . r<ore- 

9. Prototroctes, the sin^lar antarctic analogue o 

gonm, consists of two species, one in the south of Austra 
the other in New Zealand. 
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10. GalaxiUs is equally represented in Southern Australia, 
New Zealand, and the southern parts of South America. . 

C, Families identical in distant continents— 

1. The Labyrinthici, represented in Africa by 5, and in 
India by 25 species. 

2. The Chromides, represented in Africa by 25, and in 
South America by 80 species. 

3. The Characinidm^ represented in Africa by 35, and in 
South America by 226 species. 

4. The Ha'plocliitonidm, represented in Southern Australia 
by one, in New Zealand by one, and in Patagonia by a third 
species. 

This list could be much increased from the families 
of Siluridce and Cyprinidw^ but as these have a greater 
range than the other Freshwater fishes, they do not illus- 
trate with equal force the object for which the list has been 
composed. 

The ways in which the dispersal of Freshwater fishes has 
been effected were various ; they are probably all still in opera- 
tion, but most work so slowly and iniperceptibly as to escape 
direct observation; perhaps, they will be more conspicuous, 
after science and scientific inquiry shall have reached to a 
somewhat greater age. From the great number of fresh- 
water forms which we see at tliis present day acclimatised 
in, gradually acclimatising themselves in, or periodically or 
sporadically migrating into, the sea, we must conclude that, 
under certain circumstances, salt water may cease to be an 
impassable barrier at some period of the existence of fresh- 
water species, and that many of them have passed from one 
river through salt water into another. Secondly, the head- 
water^ of some of the grandest rivers, the mouths of which 
are at opposite ends of the continents which they drain, are 



212 


FISHES. 


sometimes distant from each other a tew miles only ; the inter- 
vening space may have been easily bridged over for the 
passage of fishes by a slight geological change affecting the 
level of the watershed, or even by temporary Hoods ; and 
a communication of this kind, if existing tor a limited period 
only, would afford the ready means of an exchange of a 
number of species i>revionsly peculiar to one or the otlier of 
those river or lake systems. Some iislic.s, provided witli 
gill-openings so narrow that the water moistening the gills 
cannot readily cva])orate ; and endowed, liesides, with an 
extraordinary degree of vitality, like many Siluroids 
CalHchthi/s), Eels, etc., are enal.led to wander for some dis- 
tance over land, and may tluis r.aich a watcncourse leading 
them thousands ot miles Irom tludr oi iginal la^mn,. 1 in.dly, 
fishes or their ova may be accidentally carried by water- 
spouts, by a(|Uatic birds oi' insects, to considcral)le distances. 

Fresliwater lislies of the inescnt fauna were already in 
existence when the great changes of tlie distribution of land 
and water took place in the tertiary epoidi ; aial having sUited 
tliat salt watio' is not an absolute barrier to the sjireadiiig of 
Freshwater lislies, we can now more easily account tor those 
instances of singular disoounection of certain ianiilies or 
genera. It is not necessary to assume that there was a con- 
tinuity of land stretching from the luesent coast of Africa to 
South America, or from South America to New Zealand and 
Australia, to exjdain the jireseiice ol identical loims at so 
tant localities ; it sutlices to assume that the distances wore 
lessened liy intervening archi])elagoes, or that an oscillation 
has taken place in the level of the land area. 

Dispersal of a type over several distant continental areas 
may be evidence of its great anticpiity, but it does not jirove 
that it is of greater antiquity than another limited to one 
region only. Geological evidence is the only proof of t ‘O 
antiquity of a type. Thus, although the Dipnoi occur on t e 
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continents of Africa, South. America, and Australia, and their 
present distribution is evidently the consequence of their 
wide range in paheozoic and secondary epochs ; the proof of 
their high antiquity can be found in their fossil remains only. 
For, though the Siluroids have a still greater range, their wide 
distribution is of comparatively recent date, as the few fossil 
remains that have been found belong to the tertiary epoch. 
The rapidity of dispersal of a type de])ends entirely on its 
facility to accommodate itself to a variety of physical condi- 
tions, and on the degree of vitality by which it is enabled 
to survive more or less sudden changes under unfavourable 
conditions ; proof of this is afforded by the family of Silu- 
roids, many of which can suspend for some time the energy 
of their respiratory functions, and readily survive a change of 
water. 


To trace the geological sequence of the distribution of an 
ichthyic type, and to recognise the various laws which have 
governed, and are still governing its dispersal, is one of the 
ultimate tasks of Ichthyology. But the endeavour to establish 
by means of our present fragmentary ge6logical knowledge 
the divisions of the fauna of the globe, leads us into a maze 
of conflicting evidence ; or, as Mr. W allace truly observes, 
any attempt to exhibit the regions of former geological ages 
in combination with those of our own period must lead to 
confusion.” Nevertheless, as the different types of animals 
found at the present day within a particular area have 
made their appearance therein at distant periods, we should 
endeavour to decide as far as we can, in an account of 
the several zoo-geographical divisions, the following ques- 
tions : — ' 

1. Which of the fishes of an area should be considered to 
be the repanants of ancient types, probably spread over much 
larger areas in preceding epochs ? 
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2. Wliich of them are to be considered to be autochthont 
species, that is, forms which came in the tertiary epoch oi^ 
later into existence within the area to which they are still 
limited, or from which tliey have since spread ? 

3. Which are the forms which must be considered to be 
immigrants from some other region ? 

The mode of division of the earth’s surface into zoological 
regions or areas now generally adopted, is that proposed by 
Mr. Sclater, which recommends itself as most nearly agree- 
ing with the geographical divisions. These regions are as 
follows : — 

I. PALyEOGil^A. 

1. The FalaMrctic region ; including Europe, temperate 

Asia, and North Africa. 

2. The Ethiopian region ; including Africa, south of the 

Sahara, Madagascar, and the Mascarene Islands; 

also Southern Arabia. 

3. The Indian region ; including India south of the 

Himalayas, to Southern China, llorneo, and Java. 

4. The Australian region ; including Australia, the Pacific 

Islands, Celebes, ant\ Loinbock. 


II. Neoga^:a. 

5. The JSfearctic region ; including North America to 

Northern Mexico. 

6. The Neotropical region ; including South America, the 

West Indies, and Southern Mexico. 

Comparatively few classes and orders of animals have 
been carefully studied with regard to their geograpliical 
distribution, but the majority of those which have been 
examined show that the difference of latitude is accompanied 
by a greater dissimilarity of indigenous species than that of 
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longitude, and that a main division into an old world and 
j^ew world fauna is untenable. More especially the Fresh- 
water fishes, with which we are here solely concerned, have 
been spread in drcum'polar zones, and in a but limited degree 
from north to south. 'No family, much less a genus, ranges 
from the north to the south, whilst a number of families 
and genera make the entire circuit, and some species more 
than half of the circuit round the globe within the zone to 
which they belong. Not even the Cyprinoids and Siluroids, 
which are most characteristic of the freshwater fauna of our 
period, are an exception to this. Temperature and climate, 
indeed, are the principal factors by wdiich the character of the 
freshwater fauna is determined ; they form the barriers which 
interfere with the unlimited dispersal of an ichthyic type, 
much more than mountain ranges, deserts, or oceans. Hence 
the tropical zone is an impassable barrier to the northern 
Freshwater fish in its progress towards the south ; where a 
similarly temperate climate ol)tains in the southern hemi- 
sphere, fish-forms appear analogous to tliose of the north, but 
genetically and structurally distinct. 

The similarity which obtains in fishes at somewhat distant 
points of the same degree of longitude, rarely extends far, and 
is due to the natural tendency of every animal to spread as 
far as physical conditions will permit. Between two regions 
situated north and south of each other there is always a 
debateable border ground, in parts of which sometimes the 
fishes of the one, sometimes tliose of the other, predominate, 
and which is, in fact, a hand of demarcation. Within this 
band the regions overlap each other ; therefore, their border 
Urns are rarely identical, and should be determined by the 
northern and southernmost extent of the most character- 
istic types of each region. Thus, for instance, in China, 
a broad band intervenes between temperate and tropical 
Asia, in which these two faunse mix, and the actual northern 
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border line of the tropical fauna is north of the southern 
border line of temperate Asia. ^ 

It is the aim of every philosophical classification to indi- 
cate the degree of affinity whicli obtains between the various 
divisions ; but the mode of division into six equivalent 
regions, as given a]>ove, does not fulfil tliis aim with regard 
to Freshwater fishes, tlie distribution of whicli allows of further 
generalisation and subdivision. Tlie two families, Cyprmidm 
and Silurida\ of which the former yields a contingent of 
one-third, and the latter of one-fourth of all the freshwater 
species known of our period, afibrd most valuable guidance 
for the valuation of the degrees of affinity between the various 
divisions. The Cyprinoids may be assumed to liave taken their 
origin in the Alpine region, dividing the temperate and tropical 
parts of Asia ; endowed with a greater capability of acclhna- 
tising themselves in a temperate as well as tropical climate 
than any other family of freshwater fishes, they spread north 
and south as well as east and west ; in tlie ])reglacial epoch 
they reached North America, but tliey have not laid time to 
penetrate into South America, Australia, or the islands of the 
Pacific. The Siluroids, principally fislies of tlie sluggish 
waters of the plains, and well adajited for surviving changes 
of the water in which they live, for living in mud or sea- 
water, flourish most in the tropical climate, in which this 
type evidently had its origin. They came into existence after 
the Cyprinoids, fossil remains being known only from tertiary 
deposits in India, none from Europe. They rapidly spread over 
the areas of land within the tropical zone, reaching northern 
Australia from India, and one species even immigrated 
into 'the Sandwich Islands, probably from Soutli America. 
The Coral Islands of the Pacific still remain untenanted by 
them. Their progress into temperate regions was evidently 
slow, only very few species penetrating into the temperate 
parts of Asia and Europe ; and the North American species. 
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although more numerous, showing no great variety of struc- 
ture, all belonging to the same group [Amiurina). Towards 
the south their progress was still slower, Tasmania, New 
Zealand, and Patagonia being without representatives, whilst 
the streams of the Andes of Chili are inhabited by a few 
dwarfed forms identical with such as are characteristic of 
similar localities in the more northern and warmer parts of 
the South American continent. 

After these preliminary remarks we propose the following 
division of the fauna of Freshwater lishes : — 

I. The Northern Zone. — Characterised by Acipenserkhe. 

Few Siluridie. Numerous Cyprinida}. SalmonidcTe, 
Esocidm. 

1. Europo- Asiatic or Palccarctic Region, — Characterised 

by absence of osseous Ganoidei ; Cobitidm and 
Barbus numerous. 

2. North American Region. — Characterised by osseous 

Ganoidei, Amiurina, and Catostomina ; but no Cobi- 
tidm or Barbus. 

II. The Equatorial Zone. — Characterised by the develop- 

ment of Siluridie. 

A. Cyprinoid Division. — Characterised by presence of 
Cyprinidie and Labyrinthici. 

. 1. Indian Region. — Characterised by [absence of 
Dipnoi Ophiocephalidm, ]\Iastacenibelid8e. 
Cobitidm numerous. 

2. African Region, — Characterised by presence 
of Dipnoi and Polypteridse. Chromides and 
Characinidae numerous. Mormyridae. Cobi- 
tidae absent. 

1 Will probably be found. 
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B. AcT/prinoid Division, — Characterised by absence of 
Cyprinidae and Labyrinthici. 

1. Tropical American Region, — Characterised by 

presence of Dipnoi. Chromides and Chara- 
cinidic numerous. Gynyiotida 3 . 

2. Tropical Facific Region. — Characterised by 

■presence of Dipnoi. Chromides and Chara- 
cinidiu absent. 

III. The Southern Zone. — (Characterised by absence of 
CyprinideX, and scarcity of Siluridin. Haidochitonidiu 
and Galaxiidae represent tlie Salmonoids and Esoces of 
the Northern zone. One region only. 

1. Antarctic Region, — Characterised by the small number 
of species ; the fishes of — 

a. The Tasmanian sub-region ; 
h. The New Zealand sub region ; 
c. The Patagonian sub-region ; 
being almost identical.^ 

In the following detailed account we begin with a descrip- 
tion of the equatorial zone, this being the one from which the 
two principal families ot freshwater lislies seem to have 
spread. 

I. Equatorial Zone. 

Eoughly speaking, the borders of this zoological zone 
coincide with the geogi’aphical limits of the tropical zone, 
the tropics of the Cancer and Ca})ricorn ; its characteristic 
forms, however, extend in undulating lines several degrees 
north and southwards. Commencing from the west coast of 

^ We distinguish these sub-regions, because their distinction is justified by 
other classes of animals ; as regards freshwater fishes their distinctness is even 
less than that between Europe and Northern Asia. 



EQUATORIAL ZONE. 


219 


Africa the desert of the Sahara forms a well-marked boundary 
between the equatorial and northern zones ; as the boundary 
approaches the Nile it makes a sudden sweep towards the 
north as far as Northern Syria {Mastacemhelus, near Aleppo, 
and in the Tigris ; Clarias and Cliromides, in the lake of 
Galilee) ; crosses through Persia and Afghanistan (Ophioce- 
pJialus), to the southern ranges of the Himalayas, and follows 
the course of the Yang-tse-Kiang, which receives its con- 
tingent of equatorial fishes through its southern tributaries. 
Its continuation through the North Pacific may be considered 
to be indicated by the tropic wliich strikes the coast of 
Mexico at the southern end of the Gulf of California. Equa- 
torial types of South America are known to extend so far 
•northwards ; and by following the same line the West India 
Islands are paturally included in this zone. 

Towards the south the equatorial zone embraces the 
whole of Africa and Madagascar, and seems to extend stdl 
farther south in Australia, its lioundary' probably following 
the southern coast of that continent ; the detailed distribu- 
tion of the freshwater fishes of South-Western Australia has 
been but little studied, but tlie few facts which we know show 
that the tropical fislies of Queensland follow the principal 
water-course of that country, the Murray Eiver, far towards 
the south and probably to its mouth. The boundary-line 
then stretches northwards of Tasmania and New ZealancJ, 
coinciding with the tropic until it strikes tlie western slope 
of the Andes, on the South American Continent, where it 
again bends southwards to embrace the system of the Eio de 
la Plata. 

The equatorial zone is .divided into four regions : — 

A. The Indian region. 

B. The African region. 

C. The Tropical American region. 

D. The Tropical Pacific region. . 



220 


FISHES. 


These four regions diverge into two well-marked divisions, 
one of which is characterised by the presence of Cyprinoid 
fishes, combined wifli the development of Labyrinthici ; whilst 
in the other both these types are absent. The boundary 
between tlie Cyprinoid and' Acyprinoid division seems to 
follow Wallace’s line, a line drawn from tlie south of the 
Philippines between Borneo and Celebes, and farther soutli 
between Bali and Lombock. Borneo abounds in Cyprinoids ; 
from the Philippine Islands a few only are known at present, 
and in Bali two species have been found ; but none are 
known from Celebes or Lombock, or from islands situated 
farther east of themd 

Taking into consideration the manner in which Cypri- 
noids and Siluroids have been, dispersed, we are obliged to 
place the Indian region as the first in the order pf our treat- 
ment ; and indeed the number of its freshwater fishes, which 
appear to have spread from it into the neighbouring regions, 
far exceeds that of the species which it has received from 
them. 

A. The Indian Eegton comprises the whole continent 
of Asia south of the Himalayas and the Yang-tse-kiang ; 
it includes the islands to the west of Wallace’s line. To- 
wards the north-east the island of Formosa, which also by 
other parts of its fauna leans more towards the erpia- 
toriaP zone, lias received some characteristic Japanese 
Freshwater fishes, for instance, the singular Salmonoid 
Plecoglosms, Within the geographical boundaries of China 
the Freshwater fishes of the tropics pass gradually into 
those of the northern zone, botli being separated by a broad 
debateable ground. The aflluents of the great river tra- 

^ Martens (Preuss. Exped. Ostas. Zool. i. p. 356), has already drawn atten- 
tion that a Barbel, said to have been obtained by Ida Pfeiffer in Amboyna 
(Gunth. Fish, vii; p. 123), cannot have come from that locality. 
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versing this district are more numerous from the soutli 
than from the north, and carry the southern' fishes far into 
the temperate zone. The boundary of this region towards 
the north-west is scarcely better defined. Before Persia 
passed through the geological changes by wliicli its waters 
were converted into brine and finally dried up, it seems 
to have been inhabited by many cliaracteristic Indian forms, 
of which a few still survive in tlie tract intervening be- 
tween Afghanistan and Syria ; Ophioccphalm and Disco- 
gnatJms have each at least one representative, Macrones has 
survived in the Tigris, and Mastacembelus has penetrated as 
far as Al6ppo. Thus, Freshwater fishes Ijelonging to India, 
Africa, and Europe, are intermingled in a district which 
forms the connecting link l)etween tlie - three continents. Of 
the freshwater fishes of Arabia we are perfectly ignorant; 
so much only being known that the Indian Discognathus 
lamta occurs in the reservoirs of Aden, having, moreover, 
found its way to the opposite African coast ; and that the 
ubi(pntous Cyprinodonts llourish in brackish pools of N'orthern 
Arabia. 

The following is tlie list of the forms of freshwater fishes 


inhabiting this region d — 

o o 



Percina — 

Lates [Africa, Australia] 

1 

species. 

Nandina .... 

7 


Labyrintliici [Africa] . 

25 

V 

Luciocephalidm 

I 

?> 

Ophioceplialidcti [1 species in Africa] 

. 30 


Mastacembelidce [3 species in Africa] 
Chromides [Africa, South America] 

10 

>> 

Etroplus 

2 



1 In the following and succeeding lists, those forms which are peculiar to 
and exclusively characteristic of, the region, are printed in italics ; the other 
regions, in which the non-peculiar forms occur, are mentioned within brackets 
i T 2 Lates calcarifer in India as well as Australia. 
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Siluridae — 


Clariina [Africa] 

12 

species. 

Chacina .... 

3 


Silurina [Africa, Palcearct.] 

• 72 


Bagrina [Africa] 

50 


Ariina [Africa, Australia, South America] 

40 


Bagariina . . 

20 

>> 

Khinoglanina [Africa] 

1 

>> 

Hypostomatina [South America] . 

5 


Cyprinodontidje — 

Carnivorje [Palsearct., Nortli America, 

Africa, South America] 



Haplochilus [Africa, South America, 

• 


North America, Japan] . 

4 


Cyprinidce [Palaearct., N. America, Africa] — 

Cyprinina [Pala^arct., N. America, Africa] 

190 


Bashorina [Africa, 1 species] 

20 

» 

Semiplotlna .... 

4 

if 

Danionina [Africa] 

30 

J) 

Abramidina [Pal^earct., N. Amer., Africa] 

30 

)> 

Homaloj)termi 

10 

ff 

Cobitidina [Pala3arct.] 

50 

)> 

Osteoglossidie [Africa, Australia, S. America] 

1 

)) 

Notopteridae [Africa] 

3 

>> 

Symbranchidae — 

Amphipnous .... 

1 


Monopterns .... 

1 

>9 

Symbranchus [1 species in S. America] 

2 

99 


625 species. 

. In analysing this list we find that out of 39 families or 


groups of freshwater fislies 12 are represented in this region, 
and that 625 species are known to occur in it ; a number 
equal to two-sevehths of the entire number of freshwater 
fishes known. This large proportion is principally due to 
the development of numerous local forms of Siluroids and 
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Cyprinoids, of which the former show a contingent of about 
200, and the latter of about 330 species. The combined 
development of those two families, and their undue pre- 
ponderance over the other freshwater types, is therefore the 
principal characteristic of the Indian region. The second 
important character of its fauna is the apparently total 
absence of Ganoid and Cyclostomous fishes. Every other 
region has representatives of either Ganoids or Cyclostomes, 
some of both. However, attention has been directed to the 
remarkable coincidence of the geographical distribution of 
the Sirenida^ and Osteoglossidce, and as the latter family is 
represented in Sumatra and Borneo, it may be reasonably 
expected that a Dipnoous form wiU be found to accom- 
pany it. The distribution of the Sirenidce and Osteoglossidce 
is as follows : — 

Tropical America, 

Lepidosiren paradoxa. I Osteoglossum bicirrhosum. 

1 Arapaima gigas. 

Tropical Australia. 

Ceratodus forsteri. I Osteoglossum leichardti. 

Ceratodus miolepis. I 

East Indian Archipelago, 

[ Osteoglossum formosum. 

Tropical Africa. 

Protopterus annectens. | Heterotis niloticus. 

Not only are the corresponding species found within the 
same region, but also in the same river systems ; and although 
such a connection may and must be partly due to a similarity 
of habit, yet the identity of this singular distribution is so 
striking that it can only be accounted for by assuming that 
the Osteoglossidce are one of the earliest Teleosteous types 
'^kich have been contemporaries of and have accompanied 
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the present Dipnoi since or even before the beginning of the 
, tertiary epoch. 

Of the mitoclithont freshwater fishes of the Indian region, 
some are still limited to it, viz., the Nandina, the Liiciocepha- 
lid(€ (of which one species only exists in the Archipelago), of 
Siluroids the Chacina and Bagariina, of.Cyprinoids the Semi- 
jplot ina and Ilomalo'pterina ; others very nearly so, like the 
Ldbyrintliici, 02 )hioceplialida\ 3[astacemhelida:, of Siluroids 
the Silurina, of Cyprinoids the Rasborina and Danioninay and 
Symhrancliida:, 

The regions with whicli the Indian has least similarity 
are the North American and Antarctic, as they are the most 
distant. Its affinity to the other regions is of a very different 
degree : — 

1. Its affinity to the Europo-Asiatic region is indicated 
almost solely by three groups of Cyprinoids, viz., the Cypri- 
ninay Abramidinciy and Cobitidina, The development of 
these groups north and south of the Himalayas is due to 
their common origin in the highlands of Asiji ; l)ut the forms 
which descended into the tropical climate of the south are 
now so distinct from tludr northern breUiren that most of 
them are referred to distinct genera. The gcmera which are 
still common to botli regions are only the true Barbels 
{Barbits)y a geiiTis wliich, of all Cyprinoids, has the largest 
range over the old world, and of which some IGO species 
have been described ; and, secondly, tlie Mountain Barbels 
{SeMzothoraXy etc.), which, peculiar to the Alpine waters of 
Central Asia, descend a short distance only towards the 
tropical plains, but extend farther into rivers within the 
northern temperate districts. The origin and the laws 
of the distribution of the Cobitidina appear to have been 
identical with those of Barbus, but they liave not spread into 
Africa. 

If, in determining the degree of affinity between two 
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regions/ the extent in which an 
exchange has taken place of the fauhsc originally peculiar to 
eachj we must estimate that obtaining between , the fresh” 
water fishes of the Europo-Asiatic and Indian regions as very 
slight indeed. • / 

2. There exists a great affinity between the Indian and 
African regions ; seventeen out of the twenty-six families or 
groups found in the former are represented by one or more 
species in Africa, and many of the African species are not 
even generically different from tlie Indian. As the majority 
of these groups liave many more representatives in India than 
in Africa, we may reasonably assume that tlie African species 
have been derived from the Indian stock ; but tliis is pro- 
bably not the case with the Siluroid group of Clariinciy wliich 
with regard to species is nearly equally distributed between 
the two regions, the African species being referable to three 
genera {Glavias, HeterohrcmclmSy Gymnallahes, with the sub- 
genus Chctuiicillcibc>!^y whilst the Indian species belong to two 
genera only, viz. Clarias and Heterobranclms, On the other 
hand, the Indian region has derived from Africa one fresh- 
water form only, viz. Etroplus, a member of the fiimily of 
Chromidesy so well represented in tropical Africa and South 
America. Etroplus inhabits Southern and Western India and. 
Ceylon, and has its nearest ally in a Madegasse Freshwater 

Earetroplus, Considering that other African Chromides 
have acclimatised themselves at the present day in saline 
water, we think it more probable that Etroplus should have 
found Its way to India through the ocean than over the 
connecting land area; where, besides, it does not occur. 

3. A closer affinity between the Indian and Tropical 
American regions than is indicated by the character of the 
equatorial zone generally, does not exist. No genus of Fr^h- 
^^ter fishes occurs in India and South America without being 

intermediate African region, with two! exceptions^ 
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Four small Indian Silutoids (Sisor, IlrethisteSjPseudecheneis^ and 
£xostoma)\xaYe been referred to the South Amevican JByposto- 
matina ; but it remains to be seen whether this combination 
is based upon a suflBcient agreement of their internal structure, 
or whether it is not rather artificial. On the other hand, the 
occurrence and wide distribution in tropical America of a fish 
of the Indian family Symbraiichidaj {SynibroMchus marmo- 
ratiis)y which is not only congeneric with, but also most 
closely allied to, the Indian Symhranchus hengalcusisy offers 
one of those extraordinary anomalies in the distribution of 
animals of which no satisfactory explanation can be given at 
present. 

4. The relation of the Indian region to the Tropical Pacific 
region consists only in its having contributed a few species 
to the poor fauna of the latter. This immigration must have 
taken place within a recent period, because some species 
now inhabit fresh waters of tropical Australia and the South 
Sea Islands without having in any way changed their specific 
characters, as Lates calcarifeVy species of DuleSy Plotosus 
anguillaris ; others (species of Arms) are but little different 
from Indian congeners. All these fishes must have migrated 
by the sea ; a supposition which is supported by what we know 
of their habits. We need not add that India has not received 
a single addition to its freshwater fish-fauna from the Pacific 
region. 

Before concluding these remarks on the Indian region, 
we must mention that peculiar genera of Cyprinoids and 
Siluroids inhabit the streams and lakes of its alpine ranges 
in the north. Some of them, like the Siluroid genera Glyp^o- 
, d&mumy Euglyptosternum, PseudccheneiSy have a folded disk 
: on the thorax between their horizontally spread pectoral fins, 
by means of this they adhere to stones at the bottom of 
; the mountain torrents, and without it they would be swept 
into the lower courses of the rivers. The Cyp^’i' 
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noid genera inhabiting similar localities, and the lakes into 
which the alpine rivers pass, such as Oreinus, SchizotJwrdx, 
Ptychoba/rlnts, ScMzopygopsis, Diptychiis, Gymnocypris, are dis- 
tinguished by peculiarly enlarged scales near the vent, the 
physiological use of which has not yet been ascertained. 
These alpine genera extend far into the Europo-Asiatic 
region, where the climate is similar to that of their southern 
home. No observations have been made by which the alti- 
tudinal limits of fish life in the Himalayas can be fixed, ■ 
but it is probable that it reaches the line of perpetual snow, 
as in the European Alps which are inhabited by Salmonoids. 
Griffith found an Oreinus and a Loach, the former in abun- 
dance, in the Helmund at Gridun Dewar, altitude 10,500 
feet ; and another Loach at Kaloo at 11,000 feet. 

B. The African Eegion comprises the whole of the 
African continent south of the Atlas and the Sahara. It 
might have been conjectured that the more temperate climate 
of its southern extremity would have been accompanied by a 
conspicuous difference of the fish-fauna. But this is not the 
case ; the difference between the tropical and southern parts 
of Africa consists simply in the gradual disappearance of spe- 
cifically tropical forms, whilst Siluroids, Cyprinoids, and 
even Labyrinthici penetrate to its southern coast; no new 
form has entered to impart to South Africa a character dis- 
tinct from the central portion of the continent. In the north- 
east the African fauna passes the Isthmus of Suez and pene- 
trates into Syria; the system of the Jordan presenting so 
many African types that it has to be included in a description 
of the African region as well as of the Europo-Asiatic. This; 
river is inhabited by three species of Chromis, one oi 
cAromis, . Glarias maeracgnthus, a common fish of the 
Up^r NilA^- « This infusion of African forms cannot be ac- 
couiitie(^|<i| ijy. any one of those accidental means of disper^,; 
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^ Hemichromisis not represented in the north-eastern parts of 
Africa proper, but chiefly on the west coast and in the Central 
African lakes. 

Madagascar clearly belongs to this region. Besides some 
Gobies and Ihdes, which are not true freshwater fishes, four 
Chromides are known. To judge from general accounts, its 
Freshwater fauna is poorer than might be expected; but, 
singular as it may appear, collectors have hitherto paid but 
little attention to the Freshwater fishes of this island. The 
fishes found in the freshwaters of tlie Seychelles and Masca- 
renes are brackish-water fishes, such as Fundulits, Hajp- 
lochiluSj Mops, Mugil, etc. 

The following is tlie list of the forms of Freshwater fishes 


inhabiting this region : — 




Dipnoi [Australia, Neotrop.] — 

Lepidoslren annecfens 

. 

1 

species. 

Polypteridce .... 


2 


Percina (Cosmopol.) — 

Lates [India, Australia] 


1 


Labyrinthici {India] 


5 

)) 

Ophiocephalidae [India] 


1 

)> 

Mastacenibelidae [India] . 


3 

}> 

Chromides [South America] — 

Chromis .... 


23 

jj 

Hemichromis 

, 

5 

)> 

Paretroplus 

. 

1 

>) 

Silurida3 — 

Clariina [India] 


14 


Silurina [India, Palaearct,] . 


11 

)f 

Bagrina [India] 

. 

10 

fi 

Pimelodina [South America] 

. 

2 

J) 

Ariina ^ [India, Australia, S. Amer., Patagonia] 

4 


Doradina [South America]— 

Synodontis^ . . . 


16 


found ^ Indian a] 



t^rs. 
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' ■■2 

species. 

Mulapterurina 

3 

>> 

Characinidse [South America] — 



Githarinina . 

2 

>1 

Nannocharacina .... 

2 

» ' 

Tetragonopterina — 



Alestes .... 

14 


Crenuchina — 



, Xenocharax .... 

I 


Hydrocyonina — 



Hydrocyon .... 

4 


Distichodontina 

10 

)} 

Ichthyborina .... 

2 


Mormyridce {G^jmnarchidw) 

51 


Cyprinodontidse — 



Carnivorae [Palaearct., Iiidiji, S. America — 



Haplochilus [India, South America] 

7 


Fundulus [Palaearct., Ncarct.] 

1 


Cyprinidae [Palaearct., India, North America] — 



Cyprinina [Palaearct., India, N. America — 



Labeo [India] .... 

6 

>> 

Barynotus [India] 

2 


Ahrosto7n.us .... 

2 

if 

Discognathus lamta ^ [India] 

1 

» ' 

Barbus [Palaearct., India] 

35 

» 

Rasborina [India] .... 

1 


. Danionina [India] — 



Barilius [India] . * . 

3 


Abramidina [Palaearct., India, N. America] — 



Pelotrophus . . . . 

2 

)) 

Kneriidoe 

2 


Osteoglossidee [India, Australia, South America] — 



Heterotis , . * . 

1 


PcLutodontidcB . 

1 


Notoptorid|e [India] . . 

2 
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Out of the 39 families or groups of freshwater fishes 
15 are represented in the African region, or three more than 
in the Indian region ; however of two of them, viz., the OpMo- 
cephalidce and Mastacembdidm, a few species only have found 
their way into Africa. On the other hand, the number of 
species is much less, viz. 255, which is only two-fifths of that of 
the known Indian species. The small degree of specialisation 
and locaKsation is principally due to the greater uniformity of 
the physical conditions of this continent, and to the almost 
^ perfect continuity of the great river systems, which take their 
^ origin from the lakes in its centre. This is best shown 
by a comparison of the fauna of the Upper Nile with that 
of the West African rivers. The number of species known 
from the Upper Nile amounts to 56, and of these not 
less than 25 are absolutely identical with West African 
species. There is an uninterrupted continuity of the fish- 
fauna from west to the north-east, and the species known to 
be common to both extremities may be reasonably assumed 
to inhabit also the great reservoirs of water in the centre of 
the continent. A greater dissimilarity is noticeable between 
' the west and north-east fauna on the one hand, and that of 
the Zambezi on the other ; the affinity between them is 
merely generic ; and all the fishes hitherto collected in Lake 
Nyassa have proved to be distinct from tliose of the Nile, and 
even from those of other parts of the system of the Zambezi. 

Africa, unlike India, does not possess either alpine ranges 
or outlying archipelagoes, the fresli waters of which would 
swell the number of its indigenous species ; but at a future 
time, when its fauna is better known than at present, it is 
'possible that the great difference in the number of species be- 
this and the Indian regions may be somewhat lessened, 
most numerously- represented families are the Silur- 
"oid&^ with 61 species ; the Cyprinoids, with 52;, the Mormy- 
61; the Ch^racinidm^witliPS; and' the Ohromides, 
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with 29. Th6re is not, therefore, that great preponderance 
of the two first families over the remaining, which we 
noticed in the Indian region ; in Africa there is a compara- 
tively greater variety of distinct Freshwater types, imparting 
to the study of its fauna an unflagging pleasure such as is 
• scarcely gained by the study of the other region. With the 
forms peculiar to it there are combined those of India as 
well as South America. 

In Tropical Africa there are still remnants of Ganoids : 
Protopterus {Lepidosiren) annuctens and Polypterus hichiVy with 
the singularly modified Calamoichthys. The two former 
range from east to west, and are accompanied by an Osteo- 
glossoid (Jleterotis) which has hitherto been found in the Nile 
and on the West Coast only. 

Autochthont and limited to this region are the Mormy- 
ridce, Pantodontidce, and Kmriidoe, a singular type, somewhat 
akin to the Loaches. Of Siluroid genera the most character- 
istic are Synodontis, Pliinocjlanis, and the electric Malap- 
terurus ; of Characinoids, Citharinus, Alestes, Xmocharax, 
Hydrocyon, Distichodon, Iclitlujborus, 

The regions with wdiich Africa (like India) has least . 
similarity are, again, the Nortli American and Antarctic. 
Its affinity with the Europe- Asiatic region consists only in 
having received, like this latter, a branch of the Cyprinoids, 
the African Carps and Barbels resembling, on the whole, 
more Indian than Europo-Asiatic forms. Its similarity to 
Australia is limited to the two regions possessing Dipnoous 
and Osteoglossoid types. But its relations to the two other 
regions of the equatorial zone are near and of great interest. 

1. Africa has, in common with India, the Siluroid group 
of Clariinay the Silurina, and Bagrina ; and more especially 
the; small^but very natural family of represented 

ipecie^ India, and by two on west coa§ts>^ 
bf l^^dous tp: stete at present in * 



232: ;; FiSHBg. 


of the two regions these JB^hes first made their appearance, 
but the , discovery 'of remains of Notopteridce and Silurina 
in tertiary deposits of Sumatra points to the Indian region 
^ ^s their original home. We can have less doubt about the 
other fishes common to both regions ; they are clearly immi- 
grants into Africa from the East, and it is a remarkable fact 
that these immigiants have penetrated to the most distant 

limits of Africa in the west as well as in the south, — viz. the 

♦ 

Lahyrinthici, represented by two genera closely allied to the 
Indian Anahas; the Ophioceiyhalidaz and Madaceinhelidcc, a 
few species of which have ])enetrated to the west coast, 
singularly enough l)eing absent from the eastern rivers ; the 
Ariina, re[)resented by several species, of wliich one or two 
are identical with Indian, having extended their range along 
the intervening coasts to the east coast of Africa. The 
Cy 3 )rinoids also afford an instance of an Indian species 
ranging into Africa, viz. Diseognathus larnfa, which seems 
‘ to have crossed at the southern extremity of the Eed Sea, 
as it is found in tlie reservoirs at Aden and the hill-streams 


. of the opposite coast-region of Al)yssinia. 

2. No such direct influx of species and genera has 
occuiTed from South America into Africa. Yet the affinity 
of their Freshwater fishes is striking. Two of the most 
natural families of fishes, the Chroniides and Characinidee.^x^ 
^^peculiar, and (with the exception of Etroplus) restricted to 


them. The African and South American Dipnoi are closely 
allied to each other. The Pimelodina, so characteristic of 
'^Tropical America, have three representatives in Africa, viz., 
^'Pimelodus plaiycJdr^ P. halayi, and Auchenoglanis hiscutatus; 
Doradina are another Siluroid group restricted to these 
continents.V Yet, with all these points of close resem- 

left out from these ^nsiderations the Ariina and Oypriaodonts, 

with impunity through salt water^ and areAp?:(Jad.oyer jn^ch 
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blancej the M and South Apaerican series are, with the 
exception o£ the two species of Pimelodus, generically distinct ; 
wliich shows that the separation of the continents must have 
been of an old date. On the other hand, the existence of 
so many similar forms on both sides of the Atlantic affords 
much support to the supposition that at a former period the’ 
distance between the present Atlantic continents was much 
less, and that the fishes which l\ave ^diverged towards the 
East and West are descendants of a common stock which 
had its home in a region now sul)mcrged under some inter- 
vening part of that ocean. Be this as it may, it is evident 
that the physical conditions of Africa and South America 
have remained unchanged for a considerable period, and are 
still sufficiently alike to preserve tlie identity of a number of 
peculiar freshwater forms on both sides of the 'Atlantic. 
Africa and South America are, moreover, the only conti- 
nents which have produced in Freshwater fishes, tliough in 
very different families, one of the most extraordinary modi- 
fications'of an organ — the conversion, that is, of muscle into 
an apparatus creating electric force. 

0. The boundaries of the Tropical American {Neotropical) 
Eegion have been sufficiently indicated in the definition of 
the Equatorial zone. A broad and most irregular band of 
country, in which the South and North American forms are 
mitxed, exists in the north ; offering some peculiarities which 
deserve fuller attention in the subsequent description of the 
relations between the South and North American faunae* 
The following Freshwater fishes inhabit this region : — 

Dipnoi [Australiap, Africa] — 

. . .1 species. 

Polycmtridm , . , . . . 3 „ 
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Silurid 80 — 


Hypophthalmim . . . 

5 

species 

Pimelodina [Africa, 2 species] 

70 


Ariina [Africa, India, Australia, Fuegian] 

35 


Doradina [Africa] 

60 


Hypostomatina [India] . 

90 


As'predinma .... 

9 


Nematogenyina [Fuegian] — 

2 

>> 

Trichomycterina [Fuegian] 

2 


Stegojphilina .... 

3 

» 

Characinidae [Africa] — 

Erythrinina .... 

15 


Curimatina .... 

40 

)) 

Anastamatina .... 

2.5 


Tetragonopterina . . . 

80 

ff 

Hydrocyonina .... 

30 

If 

Crenuchina .... 

1 

ff 

Serrasalmonina .... 

35 

9f 

Cyprinodontidae — 

Camivorae [Europe, Asia, N. America, 
India, Africa] 

30 

)1 

Limnophagce .... 

31 

■ ft 

Osteoglossidae [Africa, India, Australia] 

2 

ff 

GymnotidcB . . . . ‘ . 

20 

» 

Symbranchidae [India] 

1 

ff 


672 species. 

Out of the 39 families or groups of Freshwater fishes, 
9 only are represented in the Tropical American region. 
This may be accounted for by the fact tliat South America is 
too much isolated from the other regions of the Equatorial 
zoneito have received recent additions to its fauna. On the 
pother hand, the number of species exceeds that of every other 
jr^ion, .^ven of the Indian, with which, in regard to the com- 
]^airatiye4evelopme^ of families, the Neotropical region shows 
y,. as will be seen from .the following Table :r— 
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INDIAN. 

Siluridae . 200 sp. 

Cyprinidse . 330 sp. 

Labyrinthici . 25 sp. 

Ophiocephalidse 30 sp. 
Mastacembelidse 1 0 sp. 
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NEOTROPICAL. ^ 
Siluridae . 276 sp. 

Characinidse . 226 sp. 

Chromides . 80 sp. 

Cyprinodontidae 60 sp. 
Gymnotidae . 20 sp. 


In both regions the great number of species is due to the 
development of numerous local forms of two families, the 
Oharacinidoe taking in the New World the place of the 
Cyprinidce of the Old World. Thereto are added a few smaller 
families with a moderately large number of species, which, 
however, is only a fraction of that of the leading families, the 
remainder of the families being represented by a few species 
only. The number of genera within each of the two regions 
of the two principal families is also singularly alike ; the 
Indian region having produced about 45 Siluroid and as 
many Cyprinoid genera, whilst the Neotropical region is 
tenanted by 54 Siluroid and 40 Characinoid genera. These 
points of similarity between the two regions cannot be acci- 
dental ; they indicate that agreement in their physical and 
hydrographical features which in reality exists. 

Of Ganoids, we fihd in Tropical America one species only, 
Lepidosiren paradoxa, accompanied by two Osteoglossoids 
{Osteoglossuni iicirrhosum and Arapaima gigas). 

Autochthont and limited to this region are the Polycen- 
iridce, all the non- African genera of Chromides and Chara- 
cimdce; of Siluroids, the Hypophthalmina, Aspredinina, and 
Stegophilina^ and the majority of Pimelodina^ Hypostomatindy 

Dor adina ; the herbivorous Cyprinodonts ov Limnophagdy 
and numerous insectivorous Cyprinodonts or Camivorck; and 
the (Electric eel). 

The rdations to the other regions are as follows : — . 

1- Th^ resemblances to the Indian and Tropical Pacific 
from, remote geological epoohs^ pr are parti,y ;! 
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duetto that similarity of physical conditions to which we 
have already referred. We have again to draw attention to 
fhe unexplained presence in South America of a repre- 
sentative of a truly Indian type (not found in Africa), viz. 
Syinhranchm viarmorahis. On the other hand, a direct 
genetic affinity exists hetween tlie Neotropical and African 
regions, as has been noticed in the description of the latter, 
a great part of their freshwater fauna consisting of descendants 
from a common stock 

2. A comparispn of the specifically Neotropical with the 
specifically North American types shows that no two regions 
can be more dissimilar. It is only in the intervening border- 
land, and in the large West Indian Islands, that the two 
faunae mix with each other. We ‘need not enter into the 
details of the physical features of Central America and Mexico 
- — the broken ground, the variety of climate (produced by dif- 
ferent altitudes) within limited districts, tlie hot and moist 
alluvial plains siirrounding the Mexican (lulf, offer a diver- 
sity of conditions most fiivourable to tlie intermixture of the 
types from the north and the south. But yet the exchange 
of peculiar forms appears to be only beginning ; none have yet 
.penetrated beyond the debatealile ground,* and it is evident that 
the land-connection between the two continents is of com- 
paratively recent date : a view which is confirmed by tlie 
identity of the inaiine fislies on both sides of Central America. 

Cuba — and this is the only island in the West Indies 
Which has a number of freshwater fishes sufficient for the 


determination of its zoogeographical relations — is inhabited 
Kiy several kinds of a ptjrch {Centrojpomus), freshwater mullets, 
'iC^prinodonts, one species of Chromid (an Acara), and 
^ip^Tmsrm All these fishes are found in Central 

and as they belong to forms known to enter brack- 
^l^aiey more or less freely, it is evident that they have 
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Ajnerica. -But with them there came a remarkable North 
American type, Lepidosteus, Lepidosteus virid^is, wJiicIi is 
found in tlie United States, has penetrated on the mainland 
to the Pacific coast of Guatemala, where it is common at the 
mouth of the rivers and in brack-water lakes along the coast; 
it probably crossed into Cuba from Florida. A perfectly iso- 
lated type of fishes inhabits the subterranean waters of the 
caves of Cuba (two species oi Lucifiujci). The eyes are absent 
or quite rudimentary, as in most other cave animals. Singu- 
larly, it belongs to a family {Ophidiidw), the members ' of 
which are strictly marine ; and its nearest ally is a genus,' 
Brotula, the species of which are distributed over the Indo- 
Pacific Ocean, one only occurring in the Caribbean Sea. This 
type must have witnessed all the geological changes which 
have taken place since Cuba rose al)ove the surface of the sea. 

A similar mixture of forms of the Troincal and Temperate 
types of Freshwater fishes takes place in the south of South 
America ; its details have not yet been so well studied as in 
the north ; but this much is evident that, whilst in the East 
Tropical forms follow the Plate riyer far into the Temperate 
region, in the West the Temperate Fauna finds still a congenial 
climate in ranges of the Andes, situated close to, or even ; 
north of, the Tropic. 

Like the Indian region, tlie Tropical American has a pecu- 
liar Alpine Fauna, the Fresliwater fishes of which, however, 
belong to the Siluroids and Cyprinodonts. The former are ;, 
small, dwarfed forms {Arges, Siygogcnes, Brontes, AsirdblepuSy, \ 
Trichomycterus, EremopMhts), and have a perfectly naked 
body, whilst the representatives in the lowlands of, at least, 
the first four genera are mailed. The Alpine Cyprinodonts, ^ 
on the other hand, {Oi^estias) exceed the usual small size of- 
the other members of this family, are covered with thick; 
but hafe lost their ventral fins. Some of these Alpiuq.j 
follow the range of , the Andes 
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intb the southern temperate region. The majority reach to 
a height of 15,000 feet above the level of the sea, and a few 
are found still higher. 

D. The Tropical Pacific Eegion includes all the islands 
east of Wallace’s line. New Guinea, Australia — with the ex- 
ception of its south-eastern portion, — and all the islands of 
the Tropical Pacific to the Sandwich group. Comparing the 
area of this region with that of the others, we find it to be 


not only the poorest in point of the number of its species 
generally, but also in that of the possession of peculiar forms, 

as will appear from the following list : — 
Dipnoi [Neotrop., Afric<a.] 



Ceratodics «... 

2 

species. 

Percidae [Cosmopob] — 


Lates (calcarifer) [India] 

1 


Nannoperca .... 

1 


Oligorus [New Zealand] . 

1 


Dules [India] .... 

8 


(Macquaria) .... 

1 

) j 

Labyrinthici — 



Anabas (scandens) [India] 

1 

yy 

Ophiocephalida3 — 



Opliiocephaliis (striatus) [India] . 
Atherinidse [Brack-water] — 

I 

if 

Atherinichthys .... 

2 

if 

Osteoglossidae [India, Africa, Neotrop.] 

1 

if 

Siluridse— 



Plotosina [India] 

9 

if 

Ariina [India, Africa, Neotrop.] . 

7 

if 

Symbranchidae — 



M , 

I 

if 


Total , 36 species. 

' PPhe paucity of freshwater fishes is due, in the first place, 
fpj^^je and climate and the deficiency of water in the Aus- 
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tralian continent, as well as to4he insignificant size of the 
freshrwater courses in the smaller islands. Still this cannot 
be the only, cause : the large island of Celebes, which, by its 
mountainous portions, as well as by its extensive plains and 
lowlands, would seem to offer a favourable variety of condi- 
tions for the development of a freshwater Fauna, is, as far as 
has been ascertained, tenanted by seven Freshwater fishes 
only, viz. 2 Arius, 2 Plotosus, 1 Anahas, 1 Ophiocephalus, 1 
MonopteruSy all of which are the commonest species of the 
Indian region. New Guinea has not yet been explored, but, 
from the faunae nearest to this island, we expect its fresh- 
water fishes will prove to be equally few in number, and 
identical with those of Celebes and North Australia ; a sup- 
position confirmed by the few small collections which have 
reached Europe.* Finding, then, that even those parts of this 
region, which are favourable to the development of Fresh- 
water fishes, have not produced any distinct forms, and that 
the few species which inhabit them, are unchanged, or but 
slightly modified Indian species, we must conclude that the 
'whole of this area has remained geologically isolated from' 
the other regions of this zone since the commencement of the 
existence of Teleostei ; and that, with the exception of Cera- 
todus and OMeoglossum, the immigration of the other species 
is of very recent date. 

Fossil remains of Ceraiodus have been found in Liassic 
and Triassic formations of North America, England, Germany, 
and India; and it is, therefore, a type which was widely 
spread in the Mesozoic epoch. Although it would be rash 
to conclude that its occupation of Australia dates equally far 
back, for it may have reached that continent long afterwards ; 
yet it is evident that, as it is one of the most ancient of the 
existing types, so it is certainly the fijst of the Freshwater 
fishes wWch appeared in Australia. of which 

fossil Remains yet have been found, is proved by its distri- 
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bution to be one of the oldest Teleosteous types. There 
must have been a long gap of time before these ancient 
types were joined by the other Teleostei: All of them 
migrated through the intervening parts of the ocean from 
India. Most of the Flotosiiia, some of the Arii, JDales, and 
the Atheriniclithys, also Nannopcrca (allied to Apogon), were 
among the earliest arrivals, being siifiiciently diiferentiated 
to be specifically or even generically {Gnidoglanis, Nanno- 
perca) distinguished ; but some others, like Anahas scandens, 
Lates calcarifer, Bides niargimdus, must have reached tlie 
Australian continent quite recently, for they are indistin- 
guishable from Indian specimens. 

In South-western Australia a mingling of tlie scanty 
fauna with that of the southern temperate parts takes place. 
Oligorus rnacjiuaricnsis (Tlie IMurray (Jod), which has a con- 
gener on the coast of Xew Zealand, ascends high up the 
Murray river, so that we cannot decide whetlier this Percoid 
should be located in the Trojiical or Temperate part of Aus- 
tralia. Several Gidaxias also extend to the confines of 
Queensland, and will probably some day be found members* 
of this region. 

In the smaller Pacific islands the Freshwater fishes ex- 
hibit a remarkable sameness : two or three species of Bides, 
several Eels, an Atherine, or some .Go1)ies, Mullets, and other 
fishes which witli equal readiness exchange fresh for salt 
water, and which would at once reach and occupy any streams 
or freshwater lakes that may be formed on an island. 

The Sandwich Islands are the only group among tbe 
s^Uaaller islands which are tenanted by a Siluroid, a species 
of Arius, which is closely allied to Central American species, 
therefore, probably immigrated from Tropical America. 

# ' » 
n. Nohthern Zone. 

boundaries of the iNorthern Zone coincide in the 
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main witK the northern limit of the Equatorial Zone; but at 
three difiF^rent points they overlap the latter, as has been 
already indicated. This happens in, and east of, Syria, where 
the mixed - faunae of the Jordan and the rivers of Mesopotamia 
demand the inclusion of this territory into the Northern Zone; 
as well as the Equatorial; in the island of Formosa, where a 
Salmonoid and several Japanese Cyprinoids flourish ; and in 
Central America, where a Lepidosteus, a Cyprinoid {Sclerog- 
nathus meridionalis), and an Amiurus {A. ineridionalis) repre- 
sent the North American fauna in the midst of a host of 


tropical forms. . . 

A separate Arctic Zone does not exist for Freshwater 
fishes ; ichthyic life becomes extinct towards the pole as 
soon as the fresh water remains frozen throughout the year, or 
thaws for a few weeks only ; and the few fishes which extend 
into high latitudes, in which lakes are open for two or three 
months in the year, belong to types in no wise differing from 
those of the more temperate south. The highest latitude at 
which fishes have been obtained is 82° lat. N., whence the 
late Arctic Expedition brought back specimens of Charr 
{Salim arcturus and Sahno naresii). 

The ichthyological features of this zone are well marked : 
the Chondrosteous Ganoids or Sturgeons, and the families _ 
of Salmonidce and Esocidm are limited to, and characteristic 
of, it; Cyprinoids flourish with the Salnionoids, both families 
preponderating in numbers over the others, whilst the Silur-? 
oids are few in number and in variety. 


The two regions in which this zone is divided are very 
closely related to one another, and their affinity is not unlike, 
that “which obtains between the sub-regions of the Southern; 
Zone. The' subjoined list will show their close agreement ^ 
r^rd to families as well as species. Several of the?, 
common to both, yiz,—AcipenseT stv/rio^ 

V Gastrosteus pungitius, Salma 



Esox ludm, Lota vulgaris, Petr 'omyzon marinus, P. flmiatilis, 
and P. Iranehialis ; and all recent im’^estigations have resulted 
in giving additional evidence of the affinity, and not of the 
diversity of the two regions. 

In Europe and temperate Asia, as well as in North 
America, mountain ranges elevated beyond the line of per- 
petual snow would seem to offer physical conditions favour- 
able for the development of a distinct alpine fauna. But 
this is not the case, because the difference of climate be- 
tween the mountain districts and tlie lowlands is -mucli 
less in this zone than in the Equatorial. Consequently the 
alpine freshwater fishes do not essentially differ from those of 
the plains ; they are princij)ally Salmonoids ; and in Asia, 
besides, mountain-barbels and Loaches. Salmo orientalis was 
found by Griffith to abound in the tributaries of the Bamean 
river at an altitude of about 11,000 feet. 

Europe -Asiatic. N. American. 

Acipenseridce — 

Acipenser ... 9 species. 12 species. 

Scaphirhynchus . . 2 ,, 1 » 

Polyodon . . . 1 „ 1 „ 

Lepidosteidee .... 0 „ 3 „ 

Amiidm .... 0 „ 1 „ 

Percina [Cosmopol] . . 10 „ 30 „ 

Giystina [Australia, New Zealand] 0 „ 2 „ 

Centrarchina . . . 0 ,, 26 „ 

Aphredoderidm . . . 0 ,, 1 

Cottidae [partly marine] — 

Coitus . . . . 3 „ 8 „ 

Ptyomius . . . 0 „ 1 „ 

Oastrosteidcn . . . . 5 „ 5 

Comephoi'idce . *. . . 1 „ 0 „ 

[marine] — 

. 1 „ 1 - » 

p[|)nds^, y . 

pndia, Africa] . J 0 ' „ . 0 „ 
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Bagrina . * . 

Europe- Asiatit. 

N. American. 

2 species. 

0 species. 

Amiurina 

1 „ 

17 
*■ * 

Salmonidce ... 


45 

Percopsidm .... 

0 » 

1 A. . 

Esocidee ..... 

1 „ 

99 * 

7 

Umbridee .... 

1 „ 

' 99 

1 

Cyprinodontidae Carnfvorse [India, 


^ 99 

Africa, Neotrop.] 

9 „ 

30 „ 

Heteropygii 

0 „ 

2 

Cypriiiidse — 



Catofitomina 

1 „ 

25 „ 

Cyprinina [India, Africa] . 

80 „ 

30 „ 

LeMciscina 

GO „ 

70 ,, 

Rhodeina 

10 „ 

0 „ 

Abramidina [India, Africa] 

44 „ 

10 „ 

Cobitidina [India] . 

20 „ 

0 „ 

Hyodontidee .... 

0 „ 

1 » 

Petromyzontidae [Southern Zone] 

4 „ 

8 ... 


360 species. 339 species. 

A. The Europo- Asiatic (PALyEAitcTic) Region. — Its western 
and southern boundaries coincide with those of the Northern 
Zone, so that only those which divide it from North America 
have to be indicated. Rehring’s Strait and the Kamtschatka 
*Sea have been conventionally taken as the boundary, but 
this is shown to be artificial by the fact that the animals of 
both coasts, as far as they are known at present’ are not suf- ; 
ficiently distinct to be referred to two distinct regions. As 
to the freshwater fishes those of North-western America and 
of Kamtschatka are but imperfectly known, but there can ; 
be |ittle doubt that the same agreement exists between them 
as IS the case with other classes of animals. The Japanese 
Wands exhibit a decided Palmarctic fish-fauna, which includes ■ 
arbus ^nd Cobitioids, forms strange to the North American . " 
;f^ ®i*gbt.influx of tropical forms is perceived in the.;l% 
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■ ^ottth of Japan, where two Bagrina (JPsmdoha^rvs aurimtic^ 
and Liocassis longirosti’is) h^ve established themselves for a 
considerable period, for both are peculiar to the island, and 
have not been found elsewhere. 

in the east, as well as in tlie west, the distinction between 
the Europe- Asiatic and Nortli American regions disappears 
almost entirely the farther we advance towards the north. 
Of four species of the genus Sal mo known from Iceland, one 
{S. salar) is common to both regions, two are European {S. 
fario and S. alpimis), and one is a peculiarly Icelandic race 
■{S. nivalis). As far as we know the Salmonoids of Greenland 
and Baffin’s Land they arc all most closely allied to European 
species, though they may be distinguished as local races. 

Finally, as we have seen above, the Europe- Asiatic fauna 
mingles with African and Indian iorms in Syria, lersia, and 
Afghanistan. Capoeta, a Cyprinoid genus, is characteristic 
' of this district, and well represented in the Jordan and rivei-s 


of Mesopotamia. 

Assuming that the distribution of Cyprinoids has taken 
its origin from the alpine tract of country dividing the Indian 
and Palasarctic regions, we find that this type has found in the 
temperate region as equally favourable conditions for its devel- 
opment as in the tropical. Out of the 360 species known to 
exist in the Talmarctic regions, no less than 215 are Cypriu- 
Oids. In the countries and on the plateaus immediately 
joining the Himalayan ranges those mountain forms which* 
we mentioned as peculiar to the Indian Alps abound and 
'fextend for a consideraVde distance towards the west and east, 
Tnive d^ with other Cyprinina and Cobitidina. The represent- 
'^8 of these two groups are more numerous- in Central and 
tern Asia than in Europe and the northern parts of Asia, 
Leuciscina predominate. Abramidina or Breams 
numerous in the. south and east of AjSia,- but they 
j BQrth-western f.and northom 





'EUROPO-ASIATib REGION. 245 

which the Cyprinoid type reaches*. The Rhodeina are a small 
family especially characteristic of the East, but with one or 
two off-shoots in Central Europe. Very significant is the 
appearance- in China of a species of the Catostomina,\ group 
otherwise limited to North America. 

The Cyprinoids, in their dispersal from the south norths 
wards, are met from the opposite direction by the Salmonoids. 
These fishes are, without doubt, one of the youngest families 
of Teleostei, for they did not appear before the Pliocene era; 
they flourished at any rate during the glacial period, and, 
as is testified by the remnants which we find in isolated 
elevated positions, like the Trout of tlie Atlas, of the moun- 
tains of Asia-Minor, and of the Hindu Kush, they spread to 
the extreme south of this region. At the present day they 
are most numerously represented in its northern temperate 
parts ; towards the south they become scarcer, but increase 
again in numbers and species, wherever a great elevation offers 
them the snow-fed waters which they affect. In the rivers 
of the , Mediterranean Salmonoids are by no means scarce, 
but they prefer the upper courses of those rivers, and do 
not migrate to the sea. 

The Pike, Umbra, several species of Perch and Stickle- 
back, are also clearly autochthont species of this region. 
Others belong to marine types, and seem to have been re- 
tained in fresh water at various epochs : thus the freshwater 
fCottus (Miller’s Thumb) ; Cottios quadricornis, which inhabit? 
lakes of Scandinavia, whilst other individuals of the sam^ 
species are strictly marine ; the ‘Burbot {Lota vulgaris ) ; and 
the singular Comephorus, a dwarfed and much-changed Gadoid 
■which inhabits the greatest depths of Lake Baikal. 

, Remnants of the Palseichthyic fauna are the Sturgeor^, 
^^ La/ni^eys, The former inhabit in abundance the great 
'livers .iof |^tern Europe and Asia, periodically ascend^^; 
:gea :^t^^ southernmost limits are 
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tse-kiang in the east, and rivers flowing into the Adriatic, 
Black and Caspian Seas, and Lake Aral, towards the centre 
of tins region. None are known to have gone beyond the 
boundaries of the Northern Zone. If the Lampreys are 
justly reckoned among Freshwater fishes, their distribution 
is unique and exceptional. In the Palsearctic region some of 
the species descend periodically to the sea, whilst others 
remain stationary in the rivers ; the same has been observed 
in the Lampreys of North America. They are entirely absent 
in the Equatorial Zone, but rcajipear in the Temperate Zone 
of tlie Southern Hemisphere. Many points of the organ- 
isation of the Cyclostonies indicate that tliey are a type of 
great antiquity. 

The remaining Pahearctic fislies are clearly immigrants 
from neighbouring regions : thus Silurus, Ifacrones, and 
_ Pseuddbagrus from the Indian region ; Amiurns (and, as 
mentioned above, Catostomus) from North America. The 
Cyprinodonts are restricted to *1110 southern and warmer 
parts ; all belong to the carnivorous division. The facility 
with which these fishes accommodate themselves to a 
sojourn in fresh, brackish, or salt water, and even in thermal 
springs, renders their general distribution easily compre- 
hensible, but it is impossible to decide to which region 
' they originally belonged ; their remains in tertiary deposits 
round the Mediteminean are not rare. 

* 

B. Tire boundaries of the Nokth American or Nearctic 
Eegion have been sufficiently indicated. The main features 
sft^^he distribution of this fauna are identical with those of 
'^6 preceding region. The proportion of Cyprinoid species 
number of North-American fishes (135:339) 
to be considerably less than in the Palaiarctic region, 
cannot admit that these figures approach the truth, 
y .,Q;ftaiaoidSitsx)f North America -have been much less 
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studied than those of Europe; of many scarcely more than 
the name is, known. This also applies in a great measure to 
the Salmonoids, of which only half as many as are found in 
the Paliearctic region have been sufficiently described to be 
worthy of consideration. North America will, without doubt, 
in the end show as many distinct races as Europe and Asia. 

Cyprinoids, belonging to genera living as well as extinct, 
existed in North America in the tertiary period. At present, 
Cyprinina, Leucisciiui, and Abramidina are well represented, . 
but there is no representative of the Old World genus Barbus, 
or of the Cobitidina ^ ; Bhodeina are also absent. On the 
other hand, a well-marked Cyprinoid type is developed — 
the Catostomina, of which one species has, as it were, re- 
turned into Asia. Very characteristic is the group of Centrar- 
Mna, allied to the I^erch, of which there are some thirty 
species ; two Grystina. Of the Sticklebacks there are as 
many species as in Europe, and of Pike not less tlian seven 
species have been distinguished. Umbra appears to be 
as local as in Europe. Some very remarkable forms, types 
of distinct families, though represented by one or two species 
only, complete the number ot North American autochthont 
fisPes — viz., A'phrcdoderus, Fercopsis, Hyodon, and the HeteT” 
ojpygii {Amblyopsis and Chologaster). The last are allied to 
the Cyprinodonts, differing from them in some points of the 
structure of their intestines. The two genera are extremely 
similar, but Chologaster, which is found in ditches of the rice- 
fields of South Carolina, is provided with eyes, and lacks the 
ventral fins. Amblyopsis is the celebrated Blind Fish of the 
Mammoth Cave of Kentucky : colourless, eyeless, with rudi- 
mentary ventral fins, which may be occasionally ^ entirely 
absent. 

• ^ Gopev ha^ in a tertiary freshwater-deposit at Idaho an extinct 

genus of this group, Diasiichus. He considers this interesting fact to ^ 
strcJngljj 'siggestive of continuity of territory of Asia and North Ani^rica^. » 
BWSoc* .55, , 



; ■ A peculiar feature of the North American JRsh Fauna is 
that it has retained, besides the Sturgeons and Lampreys 
representatives of two Ganoid Lepidosteus and Amia. . 

Both these genera existed in tertiary times : the former occurs 
m tertiary deposits of Europe as well as North America, 
whilst fossil remains of Amia have been found in the 
Western Hemisphere only. 

^ It is difficult to account for the presence of the Amiurina 
in North America. They form a well-marked division of the 
Bagnrm, which are well represented in Africa and the East 
, Indies, but absent in South America ; it is evident, therefore, 
they should not be regarded as immigrants from the south, 
as is the case with the Palaearctic Siluroids. Nor, again' 
has the connection between South and North America been 
^ established sufficiently long to admit of the supposition that 
- these Siluroids could have spread in the interval from the 
south to the northern parts of the continent, for some of the, 

species are found as far north as Pine Islands Lake (54° 
lat. N.)i 

III. Southern Zone. 

The boundaries of this zone have been indicated in the 
description of the Equatorial Zone ; they overlap the southern 
boundaries of the latter in South Australia and South 
. Amenca, but we have not at present the means of exactly 
i. defining the limits to which southern types extend north- 
|.wards. This zone includes Tasmania with at least a por- 
¥jtion of South-eastern Australia {Tasmanian SMS-reyrnw), New 
I’^ealand and the Auckland Islands {New Zealand ml-region), 
Terra del* Fuego, and the Falkland 
® ml-region). No freshwater fishes are known . 

^ S,:' . 

from tertiary deposits of .Wyoming 
%“ct Vert, Fauna of tEe Western ^ 
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from Kei^ti^eii’S or from, islands beyond. 56®; lat. S. 

The southferb extremity of Africa has to be excluded froni 
this zone so far as Freshwater fishes are concerned. 

This zone is, with regard to its extent as well as to 
the number of species, the smallest of the three ; yet its 
ichthyological features are well marked ; they consist in the 
presence of two peculiar families, each of which is analogous 
to a northern type, viz. the Haplocliitonida^ which represent 
the Salmonidm, HaplocMton being the analogue of Salmo, and 
Prototroctes that of Coregonus; and tlie Galaxiidcc, which are 
the Pikes of the Southern Hemisphere. 

Although geographically widely separate from each other, 
the Freshwater fishes of the three divisions are nevertheless 
so closely allied that conclusions drawn from this group 
of animals alone would hardly justify us in regarding these 
divisions as sub-regions. One species of Galmdas {G. attenu- 
atus) and the three Lampreys are found in all three, or at 
least two, sub-regions. 


Freshwater Fishes of the Southern Zone. 


Percichthys 

Tasmanian. 

N. Zealand. 

Fuegian. 

3 

Siluridae — 
Diplomystax . 



1 

Nematogenys . 

. 


1 

Trichomycterina [Neotrop.] 

... 

5 

Gadopsidce . 

1 

... 

... 

{Retropinna 

. 

1 

...) 

Haplochitonidce . 

1 . 

1 

1 

Galaxiidce . 

6 

5 

4 . 

Petromyzontidae 

3 

1 

3 


11 

8 

18 


But little remains to be added in explanation of 
hst; Percickthm is in ChiH the autochthoht form of the 
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^opolitan group of Percina, JlvplomystaXy an Arioid fish of 
Chili, and Nematogenys seem to have crossed the Andes from 
Tropical America at a comparatively early period, as these 
genera are not represented on the eastern side of South 
America ; the Tricliomycterina occur on both sides of the 
Andes, which they ascend to a considerable height. Retro- 
pinna is a true Salmonoid, allied to, and representing in the 
Southern Hemisphere the Nortiiern Smelt, Osmerus. In 
both these genera a part of the specimens live in the sea, 
and ascend rivers periodically to spawn ; another part remain 
in rivers and lakes, where they propagate, never descending 
to the sea, this freshwater race being constantly smaller than 
their marine brethren. That this small Teleostean of the 
Northern Hemisphere should reappear, tliough in a generic- 
ally modified form, in New Zealand, without having spread 
over other parts of the Southern Zone, is one of the most 
remarkable, and at present inexplicable facts of the geo- 
graphical distribution of freshwater fishes. 



Fig. 104 . — Haplochiton zehra^ Straits of Magelliaen. 



CHAPTER XVIII. 


the fishes of the HUACKISH WATER. 

On SHoli piirts of O' coiist ot whicli there is o iiiixtiiic of fiesh 
and salt water, either in consequence of some river empty- 
ing its water into the sea or from an accumulation of land 
surface water forming lagunes, which are in uninterrupted or 
temporary communication with the sea, there flouiishes a 
peculiar brackish water fauna whicli is characterised by the 
presence of fishes found sometimes in sea-, sometimes in 
pure fresh-water. 

This fauna can be rather sharply defined if a limited 
district only is taken into consideration; thus, the species of 
the brackish water fauna ol Great Britain, the Pacific coast 
of Central America, of the larger J^..ast India Islands, etc., can 
be enumerated without much hesitation. But difficulties 
arise when we attempt to generalise in the enumeration of 
the forms referable to the brackish water fauna; because the 
genera and families enumerated include certain species and 
genera which have liabituated themselves exclusively either 
to a freshwater or marine existence; and, besides, because 
a species of fish may be at one locality an inhabitant of 
brackish water, at another of the sea, and at a third of fiesh 
water. The circumstance that these fishes can live in sea 
and fresh water has enabled them to spread readily over the 
globe, a few only being limited to particular regions ; there- 
fore, for the purposes of dividing the earth^s surface into natural 
zoologicaT regions the brackish water forms are ^useless. 
foUo^vylia^ fi^es may be referred to this Fauna 
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^ 1. of Bajidce {Baja, Try^fOTi) prefer the mouths 

rivers, probably because the muddy or sandy bottom bffers 
the most suitable conditions for fishes which can feed on the 
bottom only ; such brackish water species belong chiefly to 
the Equatorial Zone, some having taken up their' abode 
entirely in fresh water (South American Trygons). 

2. A.7tibassis, a Percoid genus, consisting of numerous small 
species, inhabiting the shores of the tropical parts of the 
Indian Ocean and the coasts of Tropical Australia. Many 
species enter, and all seek the neighbourhood of, fresh water , 
hence they disappear in the islands of the Pacific, and aye 
scarce in the Ped Sea. 

. 3. Tlicvapou, witli the same distribution as the former. 

4. Numerous ScAccnidce of the Equatorial Zone. 

5. The Polynemidce, chiefly inhabitants of brackish water 
of the Equatorial Zone, most developed in the Indian 
region, anS. scarce in the Tropical Pacific. 

6. Numerous species of Caranx (or Horse Mackerels) of 
the Equatorial Zone. 

Nearly all species of GastTOstcics enter brackish water, 

' G, spinachia being almost exclusively confined to it : 
Northern Zone. 

8. The most important genera of the Gobies {GoUina ) : 
Gobius (nearly cosmopolitan), Sicydium,BoUopUlialmus;Peri- 
ophthalmvs, Eleotris (equatorial). Many of the species are 
entirely confined to fresh water. 

^ 9. The Amblyopina, similar to the Gobies, but with more 

elongated body : Tropical Indo-Pacific. 

' 10. The Trypauclienina : Coasts of the Indian region. 

ij. Many species of Blenniits, of which several are found 

inland in fresh waters — for instance in North Italy, in the 
Galilee, in the eastern parts of Asia Minor, 

S?'5;J^ .The n^ajority of Atherinidce, and 
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13 Ihe bofl' »““8 

„3 .btod»t ia biaokish water, and almost cosmopolitan. 

14 Many Fhitmeetijie prefer the months of nveia or 
Uie same reason as the Rays; some ascend ri.om, a. the 

a. o„»clM.y th. .enera 

C.i,logl.ni,, which attain their greatest development 

i “ '’^^''■rim are fregncntly tonnd in blackish 

’“*17 Species of Clapco. some of which ascend rivers, and 
JL Iclimatiwid in fresh water, a, a.p» *, winch . 
has established itself in the lakes of northern Italy. 

it a—, a g»ns of Clnpeoid fishes o the Is, n*^ 

Zone, of which some species have spread in o 
Zone. 

r "swL, no less ^ 
of pripagation, and the habits gcnendly, 

.rreaiter-eels still present ns with ;»»"y i ^ Pre^ 
lems. As far as we know at present 
to be the coast in the immediate neig i loui 
months- of rivem. They ai, nn.ch re™ Ire'^^ 
in fresh water than in brackish watei, bn le ^ ^ ^ 

«,me species proves that they at time, re>h''™ >'7 “ “ ^ 
as by land and river. Thus AiiyidW 
in almost all the fresh and bnackish waters 
of the Tropical Indian Ocean- and Western ^i > . 

the Comoros to the Sonth Sea ; Anyaiito »ly«~ « 
over, temperate Europe (evclnsive of the ^ 

Danube, the Black and Caspian Seas), in ““'.n® ‘ 
district (including the Me and rivers of Syria), and , 
Atlantie coast of North Amerioa; 

Eaatrau Worth Amerio^ China, and Japan, sins , 
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roBtris, in Temperate Europe, the whole Mediterranean dis- 
trict, the West Indies, China, and New Zealand. The other 
more local species are found, in addition to localities already 
mentioned, on the East Coast of Africa, South Africa, on 
the continent of India, various East Indian Islands, Australia, 
Tasmania, Auckland Islands ; but none have ever been found 
in South Americaj the West Coast of North America, and 
' the West Coast of Africa : surely one of the most striking! 
instances of irregular geographical distribution. | 

21. Numerous Syngnathidcelmve established themselves in| 
the Northern Zone as well as in the Equatorial, in the vege- 
tation which flourishes in brackish water. 

This list could be considerably increased if an enumer^i- 
tion of species, especially of certain localities, were attempted; 
but this is more a subject of local interest, and would carry 
us beyond the scope of a general account of the distribution 
of Fishes.# 





Heads of Grey Mullets, fishes of Brackish water. 



CHAPTER XIX. 


THE DISTRIBUTION OF MARINE FISHES. 

^Marine fishes fall, with regard to their mode of life and dis- 
tribution, into three distinct categories : — 

1. Shore Fishes — That is, fishes which inliahit chiefly 
I parts of the sea in the immediate neighbourliood of land 

either actually raised above, or at least but little submerged 
below, the surface of the water. They do not descend to 
any great depth, — very few to 300 fathoms, and tlie majority 
live close to the surface. Th6 distribution of tliese fishes is 
determined not only by the temperature of the surface water 
but also by the nature of the adjacent land, and its animal 
and vegetable products ; some of these fishes, being confined 
to flat coasts with soft or sandy bottoms, others to rocky and 
fissured coasts, others to living coral formations. If it were 
I not for the frequent mechanical and involuntary removals to 
which these fishes are exposed, tlieir distribution within cer- 
tain limits, as it no doubt originally existed, would resemble 
still more that of freshwater fishes than we find it actually 
does at the present period. 

2. Pelagic Fishes — that is, fishes which inhabit the sur- 
face and uppermost strata of the oxien ocean, which approach 
the shores only accidentally, or occasionally (in search of 
.prey), or periodically (for the purpose of spawning); The 
majority spawn in the open sea, their ova and young being 
always found at great distance from the shore. With regard 
to their distribution, they are still subject to the influences of 
light and the temperature of the surface water; but they are 
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■- independent of the variable local conditions -which tie the 
shore fish to its original home, and therefore roam freely 
over a space -which wouM take a freshwater or shore fish 
■ thousands of years to cover in its gradual dispersal. Such 
as are devoid of rapidity of motion are dispersed over simi- 
larly large areas by tlie oceanic currents, more slowly than, 
but as surely as, tlie strong swimmers. Therefore, an accu-i 
rate definition of their distribution witliin certain areas equi-i 
valent to the terrestrial regions is much less feasible than ini 
the case of shore fishes. . " 

3. Dcejp-sm ^iste-that is, fislies which inhabit such 
' depths of the ocean as to be but little or not influenced by 
light or the surface temperature ; and wliich, by their organ- 
isation are prevented from reaching tlie surface ^stratum In a 
, healthy condition. Living almost under identical tellurian { 
\ the same species, may inhabit an 

^.abyssal depth under the eipiator as well as one near the ■ 
jrctic or antarctic circle; and all we know of these fishes 
;^ints td the conclusion that no sejiarate horizontal regions 
■can be distinguished in the abyssal feiuna, and that no 
division into bathymetrical strata can be attempted on the 
base of generic much less of family characters. 

It must not be imagined that these three categories are 
more sharply defined than Freshwater and Marine Fishes. 
They gradually pass into each other, and there are numerous, 
fishes about which uncertainty exists whether they should 
be placed in the Shore or Pelagic series, or in the Pelagic or 
Deep-sea series ; nay, many facts favour the view that changes 
in the mode of life and distribution of fishes are still in 
.progress. 

' .''I'- .. 

change in habitat of numerous fishes is regulated by 
favourite food. At certain seasons 
||||| surface of the sea in the vicinity of land swarms with 
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is from the ppen ocean to the shores ; and these are again 
lied* by fishes of larger siz^ and predacious habits; so that 
;hese fishes might be included, with equal propriety, in 
littoral or pelagic series. However, species which are 
NIL to normally spawn in the open ocean must be always 
Ted to the latter division. 

IJhondropterygii, Acanthopterygii, Anacantlis, Myxinoids, 
Pharyngobranchii furnish the principal contingents to 
Marine Fauna ; whilst the majority of Malaco^iterygians, 
Granoids, and Cyclostomes are Freshwater Fishes. 

I.— Distribution of Shore Fishes. 


Che principal types of Shore-fishes are the following : — 


)NDEOPTEEYGII— 

Holocephala 

4 

species. 

Plagiostomata — 

CarchariidcB (part.) 

12 


Scylliidce 

30 

>> 

Cestmciontidce 

4 

)> 

SpinacidcB (part.) 

8 


Ehinidce 

1 


Pristiophoridce 

4 

» 

Pristidce 

5 

>r 

Phinohatidce . 

14 

a 

Torpedinidce . 

15 


liajidce 

34 


Trygonidce 

. 47 


lNTHOPTEEYGII— 

Fercidce (part. incl. Pristipomatidae) . 625 


Mullidce . . 

. 35 

ft 

Sparidce 

. 130 


Sqmmipmnes. 

' . 130 


Ckihitida^, 
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Heierolepidina . . . 

. 12 

species. 

Scorpmnidce 

. 120 


Cottidce (part.) 

. 100 


Cataphracti (part.) 

. 20 


Trachinidce 

. 100 


ScicenidcB 

. 100 

yj 

Sphyrmnidce 

15 


Trichmridm 

17 


Elacate 

1 

5? 

N’omeidce (part.) 

5 


Cyttidce 

8 


Stromateus 

9 


Mene .... 

1 


Carangidce (part.) 

. 130 


Kurtidce 

7 


Gobiodon 

7 


Gallionymina . 

30 


Discoboli 

11 


BatrachidcB 

14 

yj 

Pediculati (part.) 

11 

yy 

'Blenniidce 

90 

yy 

AcanthoclinidcM 

1 

yy 

Teuthididce 

30 

yy 

Acronuridce 

60 


Hoplognathidce. 

3 

yy 

Malacwnthidce 

3 

yy * 

Plesiopina 

4 

yy 

Trichonotidce . 

2 


Cepolidm 

7 

yy 

Gobiesocidce . ... 

21 


f Psychrolutidce . 

2 


Centriscidce 

7 


Fistulariidce * . 

4 

yy 

yy 

Aoanthopterygii pharyngognathi 

iEcmacentridcB 

. 150 



400 

; 

t] EmUqtocidm 

• Tt V/Vf 

; V 

99 " 
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Af{ACANTHINI-r" 


Gadopsidm 

1 species, 

Lycodidce 

15 


Gadidm (part.) . 

50 


Ophidiidce (part.) 

40 

»> 

FleuronedicUe 

160 


Physostomi — 

Saurina (part.) . 

16 


Salmonidce (part.) 

7 

>> 

Clupeidm (part.) . 

130 


Chirocentridm 

1 


ChUohranchus 

1 

>) 

Murmnidm (part.) 

200 

j) 

Pegasidm 

4 


Lophobranchii 

120. 


Plectognatiii — 

Sclerodermi 

95 

>> 

Gpmnodontes 

83 


CYCLOSTOMATA— 

Myxinid,® 

5 

>> 

LEPTOCARDII 

2 



3587 species. 


These types of Shore fishes are divided among the fol- 
lowing oceanic areae : — 

I. The Arctic Ocean. 

II. The Northern Temperate Zone. 

A. The Temperate North Atlantic. 

1. The British district, 

2. The Mediterranean district. 

3. The North American district. 

B. The Temperate N orth Pacific. 

1. The Kamtschatkan district. 

2. The Japanese district. 

; The Californian district. 
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III. The Equatorial Zone. 

A. The Tropical Atlantic. 

B. The Tropical fndo-Pacific. 

C. The Pacifip'Coast of Tropical America. 

1. Th4 Central American district. 

2. The Galapagoes district. 

3. The Peruvian district. 

IV. The Southern Temperate Zone. 

1. The Cape of Good Hope district 

2. The South Australian district. 

3. The Chilian district. 

4. The Patagonian district. 

V. The Antarctic Ocean. 

As with freshwater fishes, the main divisions of the Shore- 
fish faunae are determined by their distance from the equator, 
the equatorial zone of the Freshwater series corresponding 
entirely to that of the Shore-fish series. But as Marine fishes 
extend farther towards tlie Poles than Freshwater fishes, and 
as the polar types are more specialised, a distinct Arctic and 
Antarctic fauna may be separated from the faunae of the 
temperate zones. The two subdivisions of the Northern 
temperate zone in the Freshwater series are quite analogous 
to the corresponding divisions in the Coast series. In the 
Southern Hemisphere the Shore-fishes of the extremity of 
Africa form a separate district of the temperate zone, whilst 
the Freshwater fishes of South Africa were found to be 
'.tropical types. The Marine series of the Southern temperate 
, zone is also much more diversified than the Freshwater series, 
'and admits of further subdivision, which, although in some 
.Idegree indicated in the Freshwater series, does not entirely 
|Jbb?respond to that proposed for the latter. 
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I. Shore Fishes of the Arctic Ocean. 


The Shore fishes clearly prove a continuity of the Arctic- 
circumpolar fauna, as the southern limit of which we may 
indicate the southern extremity of Greenland and the Aleu- 
tian Archipelago, or 60° of lat. N. 

Towards the North, fishes become less in variety of species 
and fewer in number of individuals, and only very few genera 
are restricted to this fauna. 

I The highest latitude at which Shore fishes have been 
observed is 83° N. lat. The late Arctic Expedition collected 
at and near that latitude specimens of Cottus quadricornis, 
Icelus hamatuSy Cyclopterus spinosus, Liparis fdbricii, Gymnelis 
mridis, and Gadus fahricii. This number probably would 
have been larger if the difficulties of collecting fishes in those 
high latitudes were not almost insuperable for the greater 
part of the year. 

As far as we know, the fishes north and south of Behring s 
Straits belong to the same generic or family types as those 
of the corresponding latitudes of the Eastern Hemisphere, 
though the majority are specifically distinct. But the infor- 
mation we possess of the fishes of the northernmost extremity 
of the Pacific is extremely scanty and vague. larther south, 
whence now and then a collection reaches Europe, we 
meet with some European species, as the Herring, Holibut, 
Hake. 


The Chondropterygians are very scarce, and it is doubtful 
whether another Chondropterygian, beside the pelagic Lcem- 
(irgus or Greenland Shark, crosses the Arctic circle. In the 
more temperate latitudes of South Greenland, Iceland, and 
Northern Scandinavia, Acanthias, Centroscyllium^ and a speoi^^ 
of Raja, also Chimcera, are met with. ‘ . 

Of Acapthopterygians the families of Gottidcei CataphTCtptii 
. - _ . ^ represented, and several 
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genera are characteristic of the Arctic fauna : marine species 
of Coitus; GentridermichthySy Icdus, Triglops ; Agonm, Aspi- 
doyhoroides ; Anarrhicfias, CentronotuSy Stichceus ; Cyclopterus 
and Liparis, Two species of Sebastes are rather common. 

Characteristic is also the development of Gadoid fishes, of 
which some thirteen species, belonging to Gadus, MerlucciuSy 
and Molvay form one of the principal articles of food to the 
inhabitants of the coasts of the Arctic Ocean. The Bleimioid 
Anacanthini or LycodidcOy are limited to the Arctic and An- 
tarctic coasts. Ammodytes and a few Flat-fishes {Hippo- 
glossoides and Pleuroncctes) are common in the more temperate 
parts. 

Labroids only exceptionally penetrate so far towards the 
north. 

Physostomes are very scarce, and represented only by a few 
species of Clupea and by Mallotus; the latter is an ancient in-r 
habitant of the Greenland coasts, fossil remains, indistinguish- 
able from the species of the present day, being frequently 
found in nodules of clay of comparatively recent formation. 

The Arctic climate is still less favourable to the existence 
of Lophobranchs, only a few Syngnathus and Nerophis being 
present in the more southern latitudes, to which they have 
been carried by oceanic currents from their more congenial 
home in the south. Scleroderms and Plectognaths are entirely 
absent. 

V The Gadoids are accompanied by MyxinOy which p.arasiti- 
cally thrives in them. 

II. The Northern Temperate Zone. 

A. Shore Fishes of the Temperate North Atlantic, 

' "This part of the fauna may be subdivided into three 



Temperate north Atlantic. 

1. The fishes of the north-eastern shores, viz. of the 
British islands, of Scandinavia so far as it is not included in 
the Arctic fauna, and of the continent of Europe southwards 
to about 40° of lat. 'S.— British district. 

2. The fishes of the Mediterranean shores and of the 
adjoining shores of the Atlantic, including the Azores, 
Madeira, and the Canary l&^sm^B—McdMerravmn district. 

3. The fishes of the western shores, from 60° lat. N. to 
about 30° lat. N. — ^the North American district. 

1. The British district shows scarcely any marked dis- 
tinctive features ; the character of its fauna is simply 
intermediate between that of the Arctic Ocean and the 
Mediterranean district ; truly Arctic forms disappear, while 
such as are also found in the Mediterranean make their 
appearance. Also with regard to the abundance of individuals 
and variety of fishes this district forms a transition fiom the 
' north towards the south. 

Besides the few Arctic Chondropterygians, all of which 
extend into this district, the small shore Dog-fishes are weU 
represented {Mustclus, Galeus, Scyllium, Pristiurus) ; the ubi- 
quitous Bhina or Monk-fish is common ; of Kays, pre- 
dominates ill a variety of species over Torpedo and Trygon, 
which are still scarce. 

Of Acanthopterygians, Centridermichthys, Icdus, Triglops, 
and Aspidophoroides, do not extend from the north into this^ 
district; and Cottus, Anarrhichas, Centromtus, Stkhceus, the 
Discoboli disappear Avitliin its limits. Nearly all the remainder 
are genera which are also found in the Mediterranean districts. 
The following are the principal forms, and known to propagate 
on these shores: Labrax; Serranus, Polyprion, Dentex; Mullus; 
Cantharus, Pagrus, Pagellus; Scbastes; Cottus, Trigla, Agowu^', 
Trachims;)ScmrM{f) ; Zens; Traxhurus, Capros; CaUimy-^ 
Disc^li ; Lophius; AnaTvhichas, Centronotus, 
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(ms; Blemiops, Zoarces (not in Mediterranean) ; Cepola ; 
Lepadogaster. ■ 

Of the Anacanthini the Gadoids are as numerous as in 
the Arctic Ocean, most being common to both districts; 
they are represented by Gadus, Gadicuhis, Merlucdus, Phycil, 
Molva, Motella, Raniceps, and Brosmius; but, whilst the 
majority show their northern origin by not extending into 
the Mediterranean, Amnwdytes and most Pleuronectidm prove 
themselves to be the more southern representatives of this 
order. In the British district we find Hippoglosms, Hippo- 
glossoides, RJwmlnis, Phrynorhomhus, Pleuronectes, Solea, and 
only the two first are not met with in the Mediterranean. 

Labroids are common ; with the exception of the North i 
American Tautoga, all the other genera are met with. 

Physostomes are not well represented, viz. by one species 
of Osmerus, one of Ev^ranlis, one of Conger, and about five of 
Clupea. 

Syngnathus and NeropTiis become more common as we 
proceed southwards ; but the existence of Scleroderms and 
Plectognaths is indicated by single individuals only, stragglers 
from their southern home, and unable to establish them- 
selves in a climate uiigeiiial to them. 

The Gadoids are accompanied by Myxim; and BrancMo- 
stoma may be found in all suitable localities. 

2. The Mediterranean district is distinguished by a great 
variety of forms; yet, with the exception of a few genera 
. established for single species, none of the forms can be con- 
|,sidered peculiar to it ; and even that smaU number of 
genera is more and more diminished as our knpw- 
of the distribution of fishes- advances. Some genera 

western coasts of the 
^ West Indies ; but a most remarkable 
affinity obtams \n another vorv distant 
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fauna, viz. that of Japan. The number of genera common 
to the Mediterranean district and the Japanese coasts is 
larger than that of the genera common to the Mediterranean 
land the opposite American coasts. 

The Chondropterygians found in the British district con- 
itinue in the Mediterranean, their number being increased by 
'Centrina, Spinax, Pteroplatea, and some species of Blmidbatm, 
a genus more numerously represented in the Tropics. Tor- 
\pedo and Trygo7h are common. 

The greatest variety belong to the Acanthopterygians, as 
be seen from the following list : — JjihTcix / jinthidSf 
IsfermTz.'iAS, Poly priori f Apogon, PorniatormiSy Pristipomay Dia- 
\favfiYifici (an Indian genus with two Mediterranean species, 
and otherwise not represented in the Atlantic), DentcXy Mconcty 
f mavis ; Mulhis ; CanthavtiSy Box, ScatharxSy Ohlaidy SarguSy 
Pagrusy PagelluSy Chrysophrys ; Sehasles, Scorpama ; Hoplo- 
Uethus, Beryx, Polymida ; Trigla, Lepidotrigla, Agonus, 
Peristethus) TracMnus, Uramscopus ; Unibrinia, Scimna ; 
Sphyrwna; Aphanopus, Lepidopus, Msiarchus, TricUurus, 
Thyrsites ; Cubiccps ; Zeus, Gyttus ; Stromateus ; Trachurus, 
Garanx, Gapros, Biretmus, Antigonia ; Gallionynms , Ba- 
. trachus; Zophius; Gristiceps, Triptcrygium ; Gepola ; Ixpa- 
dogaster ; Gentriscus ; Notacanthus. 

S The Lahridoe are as common as, or even more so 
" than, in the British district, and represented by the same 
genera. But, besides, some other Pharyngognaths, properly 
belonging to the Tropical Atlantic, have iully established 
themselves, though only by a few species, viz. Glyphidodon 
and Seliastes ; CossyphuSy Novaculdy JuliSy Coris, and Scarus* 
The Gadoids show a marked decrease of development ; and 
the specks of GaduSy Gadiculus, Moray Strinsiay^PhyciSj QAi 
which are peculiar to the Mediterranean, seem to 
inhabit rather the colder water of moderate depths, than the 
- iiear>the shore. Motelldy however, proves to be a trge 
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Shore fish also in the Mediterranean, at least in its adult ^ 
state. OpMdium and Fierasfer appear now besides Ammo- 
dytes. As the Gadoids decrease, so the Pleuronectidce increase, 
the genera of the Mediterranean district being Rhombm, 
PhryTiorhombus, Arnoglossus, Citharus, RliomhoidichthySy Pirn- 
roTiectes (a northern genus not extending farther southwards), 
Solea, Synajptura, and Ammo'plmro'ps, 

The variety of Physostomes is small ; the following only 
being superadded to those of the British district : — Saurus (a^ 
tropical genus), Aulopus ; CoTigromurmna, Heteroconger ^ Myrus, 
OpMchthys, Murcena, 

The Lophobranchs are more numerous in species and 
individuals than in the British district ; and, besides Syngna- 
thus and Nerophis, several species of Hippocampus are common, 
Also a few species of Batistes occur. ^ 

Myxine is lost in this district; whilst Branchiostoma 
abundant. 

3. The shore fishes of the North American district con- 
sist, as on the eastern coasts of the North Atlantic, of northern 
and southern elements ; but they are still more mixed with 
each other than on the European coasts, so that a boundary 
line cannot be drawn between them. The affinity to the fauna 
of the eastern shores is great, but almost entirely limited to 
the genera composing the fauna of the British district. 
British genera not found on the American coasts are — 
GaleuSy Scyllium^ Chimcera, MulluSy PagelluSy Trigla, Tra- 
ohinuSy ZeuSy Callionymus, The southern elements of North 
America are rather derived from the West Indies, and have 
no special affinity to Mediterranean forms ; very few of the 
non-British ^Mediterranean forms extend across t^O Atlan- 
itic ; instead of a Mediterranean we find a West Indian 
'lelement. Many of the British species range across the Atlantic, 
8^d . the northern payte of 
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ills district ; and from the frequent occurrence of isolated 
pecimens of other British species on the North American 
oast, we may presume that many more occasionally cross the 
ktlantic, but without being able to obtain a permanent 
Doting. 

The genera peculiar to tliis district are few in number, 
^nd composed of very few species, viz. Heinitripterus, Pam- 
nelaSy Chasmodes^ Cryptaca7ithodeSy and Tautoya, 

The close resemblance , of what must be considered 
lorthern forms to those of Europe will be evident from the 
olio wing list : — 

MusteluSy Ehinay Torpedo, Raja, Trygon. 

Lalrax, Centropristis, Serranus ; Pagrus, Chrysoplirys ; 
Sebasies, Hemitripterus ; CottMs, JLspidophoroides ; Urariosco- 
pus p Micropogou, Pogouias, Sciama ^ Tracliurus, Pammclas ^ 
Oyclopterus, Liparis ; Lophius ; Afuarrliiclias, Chasmodes, 
Stichceus, Centi'onotus, Cryptacaiilliodes, Zoarces, 

Tautoga, Ctenolabrus, 

Gadus, Merluccius, Phycis, Molva, Motclla, Brosinius ; 
Ophidium (one species, perliaps identical with a Mediterranean 
species) ; A.mmodytes ; Higgjoglossus, IHp>poglossoides, Rhombus, 
Pleuronectes. 

Osmerus, Mallotus ; Engraulis, Clupfca ; Conger, 

. Syngnathus — Myxine — Brancliiostoma, 

West Indian genera, or at least genera which are more 
developed within the tropics, and which extend more or less 
northwards in the North American district, are : 

Pteroplatea (also in the Mediterranean). 

Gerres, Buies (aurigd), Lobotes, Ephippus ; Sargus ; Priono- 
tus ; Umbrina, Otolithus, Larimus ; Sphyrcena (Mediterr.) ; 
Tri&iiUrds (Mediterr.); Elacate; Cybium, Trachynotus; Stro- 
(Mediterr.) ; Garanx ; Batrachus {Meditevr.) ; MaMhe. 

(Mediterr.) 

Mogalop^ 
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(Mediterr.) 

Batistes, Monax^anthus. 


B. Shore Fishes of the Temperate North Pacific, 

This fauna shows a great affinity to that of the temperatd 
North Atlantic, not only in including a considerable proportiorr 
of identical genera, and even of species, but also in having its 
constituent parts similarly distributed. However, our know-j 
ledge of the ichthyology of thi^ fauna is by no means con^! 
j^lete. Very few collections have been made in Northe/i 
Japan, and on the coasts farther north of it; and, again, th( 
ichthyology of the coasts of Southern California is but lii^tL 
known. Southern Japan has been well searched, but vpry 
little attention has been paid to the extent of the northwarq 
range of the species. In collections made by Mr. Swinhoe ajl 
Chefoo, in lat. 37° N., the proportions of temperate and tropical 
fishes were found to be about equal. Thus, the details of the 
(distribution of the fishes of these shores have still to b( 
worked out ; nevertheless, three divisions may be recognisec 
which, for the present, may be defined as follows : — 

1. The fishes of the north-western shores, to about 37° 
lat. N., including the corresponding northern parts of J apan— 
Kamtschatkan district ; this corresponds to the British district^ 
of the Atlantic. 

2. The fishes of Southern Japan and the corresponding 
shores of the continent of Asia, between 37° and 30° lat. 
N . — Japanese district, which corresponds to the Mediter- 
ranean. 

. * 3^ The fishes of the eastern shores southwards to the lati-' 

tude of San Francisco — Californian district ; this corresponds 
^. to the North American district of the Atlantic. 

T,oo little is known of the shore fishes of the coasts between 
and the tropic to enable us to treat of it iais a 
‘division. 
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The Shore fisHes of the North Pacific generally are com- 
)Osed of the following elements : — 

a, Arctic forms which extend into the Arctic Ocean, and 
he majority of which are also found in the British district. 

&. Peculiar forms limited to the North Pacific, like the 
Eeterole;pidina, Emliotocidm, and certain Cottoid and Blen- 
uoid genera. 

! c. Forms identical with fishes of the Mediterranean. 

d. Peculiar forms limited to the southern parts of Japan. 

e. Tropical forms which have entered the North Pacific 
com the south. 

1. The small list of fishes which we can assign to the 
Kamtschatkan district is due rather to the imperfect manner 
n which its fauna has been explored than to its actual 
poverty of fishes ; thus, although we may be sure that sooner 
or later the small kinds of Dog-fishes of the British district 
vill be found there also, at present we have positive know- 
edge of the occurrence of only two Chondropteiygians, viz. 
mimcera and Raja. The species of the latter genus seem to 
pe much less numerous than in the Atlantic. 

I Of Acanthopterygians the following are known : — Sehastes ; 
^ChiruSy Agrammus ; Podalrus, Blepsias, Coitus, Caritridermich- 
ihys, H&miU'pidotus, A gonus ; Trichodon ; Callionymus ; Lvparis ; 
Dictyosoma, SticJiceus, Centronotus. 

Labroids are absent ; they are clearly a type unable to 
endure great colS; of the Embiotocoids which represent them 
in the Pacific, one species only (a species of Ditrema) is known 
from this district. 

The Gadoids are, so far as we know at present, sparsely 
represented, viz.* by isolated species of Gadus, Jilotella , , and 
the latter being an inhabitant of moderate depths 
rather than of the surface. Hippoglossvs, PleuronecteSj and" 
seem to occur everywhere at suitable localities. 
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The Physostomes are nearly the same as in the Britisl 
district, viz. a Smelt {Hypomesus), probably also the ArctiJ 
MallotuSy an Anchovy, several species of Clujpeay and th( 
Conger-eel. A very singular Salmonoid fish, Salanx, whiclj 
is limited to the north-western Pacific, occurs in great abund; 
ance. i 

Also, the Lophobranchs correspond in their developmenj 
to those of the British district, Nerophis being replaced bj 
Urocampus, | 

Neither Myxinoids nor Branchiostoma have as yet beqj 
ibund. 


2. The Japanese district is, like the Mediterranean, dill 
tinguished by a great variety of forms ; some of them am 
peculiar to it (marked J , in the following list) ; others occtU 
in the Mediterranean, though also in otlier districts {Im 
The resemblance to the Mediterranean is even greater than 
would appear from the following list of genera, inasmuch aj 
a considerable number of species are identical in both dis 
tricts. Ihree of the Berycoid genera have hitherto beer 
found in the Japanese and Mediterranean districts only, and 
nowhere else. Another very singular fact is that some oi 
the most characteristic genera, like MulhiSy Zeus^ Calliony” 
mus, Centriscus, inhabit the Mediterranean and Japanese 
districts, hut have never reached the opposite American coasts, 
either in the Atlantic or Pacific ; although, at least in the 
latter, the oceanic currents would rather favour than ob - 1 
struct their dispersal in the direction towards AmeTica. Bold 
as^ the hypothesis may appear, we can only account for the 
singular distribution of these shore fishes by assuming that 
the Mediterranean and J apanese seas wer6 in direct and 
open communication with each other within the period of 
the existence of the present Teleosteous Fauna. 

have disappeared, or are i^presented by forms 
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nhabiting modemte depths. Neither BramMo- 

toma are known to have as yet been found. 


Zist of Japanese Shore Fishes. 

Chimeera (M.) 

Galeus (M.), Mtistdiis (M.), Triads, Scyllium (M.) Cros- 
Pdstiophar^s, Cestradon ; Rhina QA.) ; RhLlatus 
^.imrane, Raja (M.), Trygon (M.), Pteroplatea (M.) 

eiailahrax (J.), Niphon (J.), Gentropristis, Anthias (M.) 
emus ( ), Apogon (M.), Scomhrops (J.), Acropoma, Ano- 

(J.), (M.), llapalogenys (J.), Ilistiopterus, 

e yfm (, .), Pentex QA), Erythrichthys—Mullidm (M )— 

T !’ m~Chilodactylus~ 

hastes (M.), Scorpmna (M.), Aploactis, TricTuypUura, Pelor- 
omcentris (J.), Iloplostethus (M), Beryx (M.), Polymixia (M ) 
^Platycephalus, Hoplichthys (J.), Bemhras (J), Prionotus, 
■^dotngla (M), Trigla (M.), PeristetM^ {M)-Uranoscopus 
‘■), Percis, Stllago, Latilus. ~ Sdeerva (M.), Otolithus — 
hyreena (M.) Lepidopus (M.), Tricliiwrus (M .) — Zeus fM ) 
Garaux, Trachurus {M)-Gallionym^cs (M.)-Ze?to (M.) 

{M)—GentriscusQJL.), 

Eeliastes i'M..)—Labrichth.ys,I)uymwTm, Platyglossus, Nova- 
ee (M.), Julis (M.), Goris (M.) 

Siremlo Q)~Motella QA.)—Ateleopus (J.) 

^^^orhombus, Pleuronectes (M.), Solea (M.), Synap- 

Saurus (M), ITarpodon.-Salanx (J)-Bngraulis (M) 
■pea QA), Btrumeus-Gonger (M), Gowjrmiurmna (M.)’ 
rmuxsox (M.), Oxyconger, Myrus (M.), Ophichthys (M)’ 
Veena (M.) . ' 

^ngnaihus (M.), Hippocampus (M.), SdepagnaPhm, 
Triacant]ius, ^onacardhvs, Ostradon. 
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■ ‘ 3. The Californian district includes a marked nort^hem 
element, the principal constituents of which are identicai with 
types occurring in the corresponding district of the Atlantic, 
viz the North American, as exemplified \>Y Disc6boh, Anarr- 
hichas, Controrwtm, Coitus, {hareng^is), etc. 

But it possesses also, in the greatest degree of development, 
some types almost peculiar to itself, as theHeterolepidina, 
some remarkable Cottoid and Bleimioid genera, and more’ 
especially the Embiotocoids— vivipiirons rharyngognaths— 
which replace, the Laliroids of the other hemisphere. .Gadoids 
are much less numerous than in the North American district. 
The southern forms are Init little known, but it may be anti- 
cipated that, owing to the partial identity of the Faume of the 
two coasts of the Isthmus of Panama, a fair proi>ortion o 
West Indian forms will be found to have entered this district 
fixim the south. The following are the principal genera ^ 
CMmcera, Galeus, Mustdus, Triads, Cest radon, llhina, Baja. ’ 
Serranus; Chirus, OpModon, Zaniolepis ; Srhasks ; Nom- ^ 
* licUhys, Scorpanichthys, Coitus, Ccn//riderrnichfhys, HemUepd.^ 
dolus Artedius, Briorwlm, Ayonus ; C ydoptcrus, Liparis A 
’ Arwrrldclm, Ncodmus, CcbididUhys, Slkhams, Cmtromtmi^ 
Apodichtliys ; rsychroluteH ; AuHscojjh. ! 

Emhiotocidcc. 

Gadiis. Ilippoylossus, Fsetticldhys, Citharichthys, Para- 

tieUhys, rieurmiect(^% Farophrys, 

Osmerus, ThaleicMhys, Hyporaesus ; Enyi^aidis, Clupexi^ 

Syngnathus, 

III —The Equatorial Zone. 5 

As we approach the Tropic from the north, the tribes . 

; characteristic of tlie Ai;ctic and Temperate zones hccoiw j 

and disappear altogether: to be replaced hy 
variety of Tropical types. Of Chohdropte^gians» ^ \ 
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ropic, or appear in single species only and of T.i * 
le Berycidce, Paqrus thp ; • ? • ^ ^leosteaiis, 

^ y yjragrus, the Seterolepid'ma, Coitus and 
.nera, Lophius, Anarrhic 1 in<t <?/v,7 i- ° allied 

With regard to variety of forms as woll o . f 
mdivichials tliis .one far surj, asses eitlier of tl.Ttm" 

ho i:::rTw%r 

-..'n. „w, 

nf fiwi An X- With wjiich some 

to of tl,o Atlantic a, „| atn.ldd, a„,l 

ich are submerged below the water The -.1 i ^ ! 

VC,. table life .liicli flonif/bo; „n ^li™ Z;! 
tl-b W™''"' f"'- Ho- ™cllc.., variety of 

'Urs and grotesque forms of the Fishes of the T • 
Iveveitedn.r. 1 • f ^ the Tropics have 

y e.u,U,l II c a.l„„n.t,o„ of the earlict obaeivere. Scarlet ' 

h Mac. pink, „„1, yclliov. etc., am a,ra„,,e.l ,u pa ^ 

' niinyliny in a,„,; lineatndT 

O'.™..l.no „a of 11,0 n-opia ,,f ^ ^ J 


Ui v-ijpuuil t 

>ing the coral-reefs of Palmerston Island : 


-nee„f.l,eM„.lnak;;i:;iin™;^ 

noTtV‘ T -a ®«emingly wit] 

l>ci ec security. The colours of the different sort 

.ho^tnoat cantifn, that can he in,a,rine.l-t,:;‘ ^ 
« Tlieir 'v' “"J tliiiiS that art car 


ichness hi ■ r ’ ’ ‘contributed to increaf 

.^^,1^"::^''''"'"° »«M .aot h 


Without a pleasing transport.” 

Pmifis (Saw-fish^ 
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velopment. Of Acanthopterygians CetUropridis, Serranus, 
Plectropoma, Mesoprion, Priacanthus, Apogon, PristipomM, 
Hcemudon, Diagramma, Gerres, Scolopsis, Synagris, Ccesio, 
Mullidce, Zdhrmiw, Squamipinncs, Cirrhites, some genera 
of Scorpcvnidw, Platycephahis, Sciccnidw, Sphyrmia, Caranx 
Equula, Callionymus, Teufhis, Amnthurus, Nasem, are re- 
presented, by numerous sp(icios; and the majority of these 
genera and families are limited to this zone. Of Phaiyn- 
gognaths the Povuxamtruhr, Julidiua, and Scarina, are met 
with near every coral formation in a living condition. 
Of Gadoids, a singular minute form, Brcgmaceros, is alipost 
the only representative, the other forms belonging to deep 
water, and rarely ascending to the surface. Flat-fishes {Pleuro- 
vectidee) are common on sandy coasts, and the majority of' 
the genera are peculiar to the Tropics. (Jf Physostomi onW 
the Sdurinn, Clupcid/i’, and ^fiiTfiiiido: are rejiresented, the 
Clupeulcc being exceedingly numerous in individuals, whilsl 
the Murmnida: live more isolated, but show a still greater 
variety of species. Ijopholiranchii and Sclerodeimi are gene- 
rally distributed. Branchiostorna has been finuid on severalj 
coasts. 

Geographically it is convenient to describe the Coast fauna| 
of the tropical Atlantic separately from that of the Indo- 
Pacific ocean. The differences between them, however, are 
far less numerous and important than between the freshwater 
or terrestrial faunai of continental regions. The majority of 
the princijial types are found in both, many of the species being 
even identical ; but the species are for more abundant in the 
Indo-Pacific than in the Atlantic, owing to the greater extent 
of the archipelagoes in. the former. But for the broken and 
varied character of the edhsts of the West Indies, the shores 

rixe tropical Atlantic would, by their general uniformity, 
;^otd but a limited variety of conditions to the development 
and generic forms, whilst the deep iidete 



EQUATORUL ZONE, 


276 


nfc e«e,„, rtth of HeircoMto, 

od t le different nature of their bottom, its long peninsulae, 
ad Its archipelagoes, and the scattered islands of the tropical 
acific, render this part of the globe the most perfect for the 
evelopment of fish-life. The fishes of the Indian and Pacific 
Jeans (between the Tropics) are almost identical, and the 
amber of species ranging from the Eed Sea and' east coast 
Africa to Polynesia, even to its westernmost islands 
very great indeed. However, this Indo-I'acific fauna does 
)t reach tlie Pacific coast of South America. The wide 
ace devoid of islands, east of the Sandwich Islands and 
3 Marquesas group, together with the current of cold water 
iich sweeps northwards along tlie Soutli American coast, 
s proved to bo a very effectual baiTier to the eastward exten- 
n of the Indo-Pacific fauna of coast fishes; and, conse- 
Bntly, we find an assemblage of fishes on the American 
at and at the Galapagoes Islands, sufficiently distinct to 
istitute a distinct zoological division. 

The following list, which contains only the principal 
lera and groups of coast fishes, will give an idea of the 
aity of the tropical Atlantic and Indo-Pacific 


Scylliida? . 

Pristis 

Phinohatidce 

Torpedinidm 

Trtjgonidm . 

Etelis 

Aprion 

ApsUus 

Centropristis 

Anthias 

Senanm . 

Pkctropoma 
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Trop.-AtL 

Indo-Pac. 

Granwiistes 

— 

2 

JRhi^liciis , 

3 

— 

Biplopi'ion , 

— 

1 

Myriodiyn , 

— 

1 

Me$oprion . 

If) 

50 

Priacanthus 

4 

12 

Apogon and Chilodipterus 

2 

75 

Pristlpomi . 

12 

li 

Ilirmulvn . 

15 

— 

Dkujramma 

— 

30 

Genes 

12 

16 

Scol apsis 

— 

20 

Deutex and Sj/mphanis 

— 

7 

Sgmigris and PenUipus 

— 

24 

Ci^sio 

— 

12 

Mullida> . 

5 

22 

Sargus 

7 

2 

Leihnnus . 

1 

18 

Chrgsophrys 

1 

7 

Pimelepterus 

1 

5 

Squamipinnes 

13 

no 

Toxotes 

— 

2 

Cifr kites 

— 

20 

Scorpienida^ 

2 

65 

Myripristls 

3 

15 

Iloldeentnun 

6 

25 

Plabjcepfialus 

— 

25 

Prionotus . 

1 

— 

Trigla 

— 

4 

Peri-Htethus 

2 

6 

Uranoscopina 

2 

8 

Charapmdem 

— 

1 

Perm 


10 

Sillago 


5 

; LatiluB 

1 

2 

|r Opisthoymlhua 



:y,-, 
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Scicmidm . 

Sphyrcma . 

TrichiuridcB 
Caranx 


Cluyrin^mus 

Trachynotm 

Psettus 

Platax 

Zandm 

Equula and Gazza 

Teufhis 

Acanthurus 

Naseii.s 

Kuriulxr 

Gobiodon 

Callionymus 

Batrachid(r 

Teirahrachium 

Malthc 

Petromrtes 

CliiiUH 

DartijUmojm 

Malamnthns 

Cepola 

Gobie«c)cidie 

AmphisUe . 

Pktulanidfr 

Pormcen/ridir 

Lachmlctmm 

Pulidina^ 

Pseudodax 

Soarim 

Pseudophjrcis 

PpUdiidm . 


Trop. AtL Ind.-Pac. 
44 43 . 

1 10 

6 6 

20 60 

4 7 

6 4 

1 2 

— 7 

— 1 

— 20 

— 30 

3 42 

— 12 

1 6 

— 7 

— 17 


6 __ 

1 _ 

1 2 

— 1 

5 1 

— 3 

3 3 

17 120 

1 _ 

36 190 

— 1 

21 65 

— 1 

— 1 

3 7 

6 
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Trop.-Att 

Ind.-Pac. 

Clupeida) . 

33 

84 

Chirocenirus 

— 

1 

Murcenidee 

47 

130 

Pegasus 

— 

3 

Soknostomu 

— 

2 

Syngnathidie 

7 

41 

Sclerodei'mi 

16 

07 

Gymnodontes 

23 

40 

A. Shore Fishes of the Tropieol Atlantic 


The boundaries of the tropical 

Atlantic extend zooloiri- 

o 

cally a few degrees lieyond tin* 

Northern and Soutliern 


Tropics, but as the mixture with the typ(\s of the temperate 
zone is very gi’adual, no distinet boundary line can be drawn 
between the tropical and tenn>(‘rate fauna*. 

Types, almost exclusively limitetl to it, and not found in 
the ludo-Pacific, an* fe*w in nmmber, rus (\mhvprLstU, Rhyp- 
ticus, Ifamiulon, Malfh:. A f(*vv others j)reponderate witli 
regard to tlie numirer of s{H*ci<*s, as l*lerJni/toma^ Sfiryu% 
TniciiyiwtV'^y Jhitra^hiihv, and Gohusocidc/'. I'la* Sciauioids are 
equally represented in botli oceans. All tlui remainder are 
found in both; but in the minority in the Atlantic, where tliey 
are sonietiines rcj^resented l)y one or two species only (for 
instance, Lcthrmm), 

B. Hhorc Fishes of the Tropiral Indo- Pa^rifw Ocean, 

The ielitliyological l>onndari<^ of this part of tlie tropical 
zone may a|»proximately given as 30® of lat. N. and S. ; 
on the Australian coasts it should probably be placed still 
farther south, viz., to 34®; it incdudes, as mentioned above, 
the Sandwich Islands, and all the islands of the South Sea, 
but not the American coasts. 

S eighty genem of Shore fishes iro peculiar to the 

m^jori^; cemsiste 
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aly ; comparatively few have a plurality of species, as 
Hdffi ciniTna, Jjethvinus, liqutilci, Teuthis, J^TR'jpTvvpirion, Das- 
fllus, CJioerops, Chilinus, A7iampse.% Stethojulis, Coris, Coilia, 
Ihc Sca<“pGrcht*.s, large and sniall, wliich feed on Crusta- 
3ans and other sniall fislies, and tlie coral-feetling Pharyn- 
^gnatlis are tlie types whicli show the greatest generic and 
leeific \aiiety in tlie Indo - Tlien follow the 

piamiphmcH and ^Iura'nid(e, the Clupddce and Carangidce 
niilies in \\lii(*]i tlie variety is nioix*. tliat of species than of 
*nus. Hie Scorpaii ida\ innironcciUhr, Aavnurido', Sdmnidm, 
fngn(dhida\ and / are those wliieli eontribute tlie 
;xt hugest contingents. ( )t sliore-loving Cliondropterygians 
le Si'j/lhida: and 7 nfipmuhr only an^ r(‘presented in moderate 
imliers, though they are more numerous in this ocean than 
any other. 

C. Ahon Flshf,^ of the Padfr CoaMs of Tropical Amcnca, 

As boundarii^s within which this fauna is comprised, may 
indicated hit. N. and S., as in tlu‘ Indo- Pacific, 
s distinction from the I ndo- Pacific lies in the almost' 
tiic abscnci* of coral-feeding fislucs. Fliere art? scarcely any 
juamijiinnes, Pharyngognaths or Acronuridic, and the 
uthyics are entirely alisent. I'he gtuiera that remain are 
c*h as are found in the tropical zone generally, but tlie 
ccies are entirely difTerent from those of the Indo-Pacific. . 

are mixed with a sjuinkling of j»eculiar genera, consist- 
i of one or two species, like Ifoplopagriis, Doy^ 

wlon, but they are too few in number Ui give a strikingly* 
i^^uliar chameter to this fauna, 
llir^e districts are distinguishable : — 
a* The CefUral American in which we include, fpr ■ 

" Present, California, shows so .near an affinity to tfee j 
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neck of land uniting the two American Continents, it would 
^ most assuredly be regarded as a portion of the Fauna of the 
tropical Atlantic. With scarcely any exceptions the geneiu 
are identical, and of the species found on tlie Pacific side 
nearly one-half liave prov'ed to he the same lus those of the 
Atlantic. The explanation of this fact lias been found in 
the existence of communications lietween tlu^ two oceans by 
channels and straits wliich must have been opmi till within 
a recent period. The isthmus of Central America was then 
partially submerged, and apjieared as a chain of islands simi- 
lar to tliat ot the xVntilles ; but as the re(‘f-building corals 
flourished chiefly north and (Nist of those islands, and were 
absent soutli and west of them, reef-fishes were excluded from 
the Pacific shores when the communications were destroyed 
by the upheaval of the* land. 

h. Tile (jiildpogiM.s ilistrif f r(*(*eive«l its coast fauna jn'inci- 
pall^y from the Central .\meri(*an distri<’i, a part ed ihi! s])i*cies 
being ab.solutcdv tla^ sann* a^s on the I’oasi of the Isthmus of 
Panama, or as in the \\ (*st Indies. \(!t the isolation of this 
group has continued a sufliciently long jieriod to allow of the 
development of a nuin}M*r of disimet species of eitlnu' pecu- 
liarly Atlantic g(‘nera (sucli UsS C* nf ropristiH^ 

OobiesoXj Priouotus^^ or at least tropical genera (such as 
Chrysojyhrys, PriMipirnnf ^ nthv^'^y Coranj\ Balistcs). A 

few other types from the Peruvian coast {lhi/dhmlon)y or 
^ even from Jajcrui {J*rimiuruii)^ hav<» cstablislnMl themselves in 
this group of islands. A^s[)ecies of CcHtracio7i has also reacluid 
the Galapagoes, hut wliether fran the south, north, or west, 
^cannot be-deterinined. 

si Xhe presence of the Atlantic fauna on the Pacific side is 

still farther west than the Galapagoes, some Atlantic 
having reached the Sandwich Islands, as Choatodo^ 
and BUnnvm brempinnw*, 

didrid ^ variety ■ ■ 
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of shore fishes, which belong, with few exceptions, like 
Discopyge, Iloplognathus, Doydixodon, to genera distributed 
throughout the tropical zone, or even beyond it. But the 
species, so far as they are known at present, are distinct from 
those of the I ndo- Pacific, as well as of the tropical Atlantic ; 
and therefore tin's district cannot lie joined either to the 
Central American or the (Jalajiagoes. 


IV.— Thk Sol'tukkx Tkmpekatk Zone. 


This zone includes tlie coasts of the soutliern *extremity 
of Africa, from ah.mt .‘hl^ hit. S., of tlie south of Australia 
with Tasmania, of New Zealand, and tlie racific and Atlantic 
coasts of South America lietween .10° and oO” hit. S. 


The must striking chara<-t<-r of this fauna is the reappear- 
ance of typi's inhaluting the corresponiling latitudes of the 
Northern llemisphen;, and not found in the* intervening tropi- 
cal zone. This interruptinn of the contimfity in the geo- 
graphical distrihution of Shore-fishes is exemi>lified hy,s}«.!^ies 
as well as genmn, for instance— fVn'/mrro momtrom, GaJetis, 
cams, Acantkim vuhjnris. Amnthim hininrillii, ];j,lna sqwUim, 
Zcmjukr, Lophhis piscatoriu-s Cadrisnis scolopux, Kngrmdis 
Clupm sprattus, Conger ndgaris. InsUinces of 
genera am still more nnnwvouH—Cestraaon, Spinm\ Pristi^ 
P^us, CaUanthias, Polyprion, HisHoptcnus, Caniluirus, 
•c, Girclla, ragellm, Chilodaetyhis, Pelmsks, Aploactis, 
Lipuloims, Cyttm, rsychrohduhr, Not acanthus ; 
ytoees, Mcrltu'cim, Ifl'tclla, Phycis. MotcUa; Anlopus ; Uro- 
^Pus, Soknoynalhm ; Myxine. 

y where the cemsts of the tropical zone are Con- 

U0U8 with those of the temperate, a number of tropical 
era enter the latter, and genera which we have found 
een t e tropi^ ^ ^ the temperate zone of theC 
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south. But the truly tropical forms are absent ; there are no 
Squa7nipi7i7i€S,scaTcelyany Mullidce, no Acro7iuri, no Teuthyes, 
no Poinacentridce (with a single exception on the coast of 
Chili), only one genus of Jululiria^ no Sciwhia^ wliieh are re- 
placed by another group of l^haryngognatlis, tlie Odadna. 
Tl\\o Lah'ina, so characteristic of tlie teinj)erate zone of tlie 
Northern Heniispliere, reappear in a distinct genus {Malaco- 
pteriis) on the coast of Juan Fernandez. 

The family of Ikn/cidff\ e([uall y interesting with regard to 
their distribution in time and in space, consists of temperate 
and tropical genera. The genus In' wliich tin's family is 
represented in the southern temperate zone {T rach ichth is 
much more nearly allied to the northern than to the tropical 
genera. 

Ihe true Cottina an<l Ihtendt'ptdLna (forms with a Vuaiy 
stay of the pra'operculum, which is generally armed), have not 
crossed the troj)ical zone ; tliey are re])laced by fishes ex- 
tremely similar in general form, and having the same liahits, 
but lacking tluit osteological ]>eculiarity. Their southeru 
.analogues Indoiig cliielly to tin? family Trachi nida\ and are 
types ot genera peculiar to the Soiithern ][emis{>here. 

Tlie Discoboli of the Xorthern IIemis|)here hav'c likewise 
not penetraterl to the* south, where they are n^ju'c^sented ly 
Gohusoddev. 1 liese two familitss rcfplace each other in tlieir 
di.stribution over the globe. 

X early all the IdmronccM^ (but they are not numerous) 
belong to distinct gmieni, some, however, being remarkably 
similar in general form to the northern Plmruncctes. 

With Gadoids Mijxinidw reajipear, one species being cx- 
tamely similar to the European Myxino. Bdellostoma is 
genus peculiar to the soiitlicrn temperate zone. 

As in the northern temperate zone, so in the southern, 
the number of individuals and the variety of fpnns is much 
tHto between the tropics. Tliis is especM^ 
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on comparing the numbers of species constituting a genus. 
In this zone genera composed of more than ten species are the 
exception, the majority having only from one to five. 

The proportion of genera limited to this zone is rather 
high ; they- will be indicated under the several districts, 

which we distinguish on geographical rather than zoological 
grounds. 

1. Ihe Cape of Good Hope district. 

llie principal genera found in this district are the follow- 
ing (those limited to the entire zone being marked with a 

single ( ) and those |)eculiar to this district with a double (**) 
asterisk) ; — 

C%ima:ra,*CidlorhynckuH, Gales, ** Lcptocurcharias, Scyl- 
Hum, Acanthias, Jikimbatus, Torpedo, Karcinc, Astrape, Baja. 

Serranus, DcntcA', Pristlpoma ; Canlharus, Bor, **Dipterodon, 
Sagrus, Bagrus, Pagcllus, Chnjsophrys ; *Ckilodeictylus; Sebastes, 
*Agruypv,s; Trigla ; Bphyrama ; lepidopus, Thyrsites ; Zeus’; 
Caranx; Lophius ; Clinus (10 species), Cristicegis ; **Choriso- 
chismus. 

**Ifalides)iius, *Genypterus, Molella. 
Byngnaihus.—*BdeMostoma. 

lliis list contains many nortlicrn forms, which in conjunc- 
tion with the peculiarly southern types (Callorhynckus, Chilo- 
ductylus. Agriopus, Clinus, Genypterus, Bdellostoma) leave no 
oubt that this district belongs to the soutl,iern temperate 
zone, whilst the ]'>esh\vater fishes of South Africa are mem- 
era of the tropical fauna. Only a few {Bhimbatus, Nar- 

Astrape, and Sphyraesui) have entered from the neigh- 
ouring tropical coasts. The development of Sparoids is 
gieater than in any of the other districts of this zone, and 

be regarded as one of its distinguisliing features. 

2. Th6 Sovih district comprises tlie southern 
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Sydney), Tasmania, and New Zealand. It is the richest in 
the southern temperate zone, partly in consequence of a 
. consMerable influx of tropical forms on the eastern coast of 
Australia, where they penetrate farther southwards than 
should have been expected from merely geographical con- 
siderations ; partly in consetpience of the thorough manner 
in which the ichthyology of New South Wales and New 
Zealand has been explored. On the other hand, the western 
half of the south coast of Australia is still almost a terra 
incognita. 

The shore-fishes of New Zealand are not so distinct from 
those of south-eastern Australia as to deserve to be placed 
in a separate district. Beside the genera which enter this 
zone from the Tropics, and which are more numerous on the 
Australian coast than on that of New Zealand, and beside a 
few very local genera, the remainder are identical. Many of 
the South Australian species, besides, are found also on the 
coasts of New Zealand. The principal points of difference 
are the extraordinary development of Monacanthus on the 
coast of South Australia, and the apparently total absence in 
Australia of Gadoids, which in the New Zealand Fauna are 
represented by six genera. 


Shore-fishes of the South A/iestralian district 

South Australia 

^ / and Tasmania. 

Callorhyiichus (antarcticus) . 

Galeus (canis) 

ScyUium 
**Parascyllium 
Crossorhinus 
Cestracion . 

Mustelus (antarcticus) 

; Acanthias (vulgaris and blainvillii) 

Ehina . 

Pristiophorua . . > 


1 

1 

2 

1 

1 

2 

1 

2 

1 

1 


New Zealand. 

1 

1 

1 
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**Trygonorhina (fasciata) 
Ellin obatus 
Torpedo 
Narcine 
Eaja 

Trygon (Urolophus) 
**Enoplosus . 

Anthias (richardsonii) 
Callanthias 
Serranus 
Plectropoma 
**Lanioperca . 

^^Arripis 

Histiopterus 

Erytlirichthys 

^Haplodactylus 

Girella 

**Tephr0eops . 

Pagrus 
^Scorpis 
^^Atypichthys 
**Trachichthys 
^^Chironemus 
**Holoxenus . 

Chilodactylus 
**Neniadactylus 
**Latris 
Scorpsena . 
^*Glyptauchen 
Gentropogon 
*Agriopus 
^Aploactis . 

^^Pentaroge . 
Platycephalus 
Lepidotrigla 
vTrigla 


South Australia 
and Tasmania. 

1 

1 


New Zealand. 

1 

1 

1 




^ Number of species uncertabii. ? , ; 
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**Anema 
**C.rapatalus . 
^’’^Kathetostoma 
**Leptoscopus 
Percis 
*Aphritis 
Sillago 

^Bovichthys . 

*Notothenia . 

Sphyraena . 

Lepidopus . 

Trichiurus . 

Thyrsites 
**Platystethus 
Zeus (faber) 

Cyttus 

Trachurus (trachurus) 
Caranx 
^Seriolella 
Pemplieris . 

Callionymus 
Batrachiis . 
**Brachioniclithys 
**Saccarius 
Clinus 

**Lepidoblennius 
Cristiceps and Tripterygium 
**Pat9BCUS 

**Acanthoclinus 
^^Diplocrepis . 

**Crepidogaster 
/^^Trachelochismus 
**Neophrynichthys 
Centriscus . 

, Ifotacanthus (sexspinis) 
**Labrichthys 
**Odax . 


South Australia xt , 

and Tasmania. " Zealand. 
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^'^Coridodax . 
^’"^Olistherops . 
**Siphonognatlui.s 
Gadus 

Merlucciiis . 

Lotella 

’"^'^'Pseudophycis 
Motella 
Bregmaceros 
^Genypterus . 
**Loplionectes 
**Brachy pleura 
Pseudorhoinbus 
**Ammotretis 
^^Eliombosolea ' 
**Peltorliamphiis 
Solea 
Aulopus 

Goiiorbynchus (greyi) 
Engraulis (encrasicliolus) 
Clupea 

**Chilobranchus 
Conger (vulgaris) 
Ophichthys 
Muneniclithys 
Congromuraina 
Syngnathus 
Ichthyocampus 
**Nannocampus 
Urocampus 
**Stigmatophora 
Solenognathus 
^^Phyllopteryx 
Monacanthus 
Ostracion . 

*Bdellostoma 

Branchiostoma 


South Australia 
and Tasmania. 


Now Zealand. 


1 

1 


1 

1 


1 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

1 


1 

1 

1 

1 

r 


5 

1 

1 

2 

2 

2 

15 

3 

1 


1 

2 

1 


1 

1 

1 

1 

1 

1 
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3. The. coast-line of the Chilian, district extends over 20 
degrees of latitude only, and is nearly straight. In its nor- 
thern and warmer parts it is of a very uniform character, 
and exposed to high and irregular tides, and to remarkable 
and. sudden changes of the levels of land and water, whmh 
must seriously interfere with fishes living and propagating 
near the shore. No river of considerable size interrupts 
the monotony of the physical conditions, to offer an addi- 
tional element in favour of the development of littoral 
animals. In the southern parts, where the coast is lined 
with archipelagoes, the climate is too severe for the majority 
of fishes. All these conditions combine to render this district 
comparatively poor as regards variety of Shore fishes, as will , 
be seen from the following list 

*Callorhynclius ; Scyllium, Acanthias, Spinax ; Urolo- 

phus. 1 • . 

Serranus, Plectropoma, Polyprion, Pristipoma, Erytlirich- 

thys; *Haplodactylus ; *Scorpi3 ; Chilodactylus, **Mendo- 
sonia; Sebastes, * Agriopus ; Trigla, Agonus ; *Aphritis, 
*Eleginus, Pingiiipes, Latiliis, Notothenia (1 sp.) Umbrina , 
Thyrsites; Tracliurus,Caranx,*Soriolella; Porichthys; **Myx- 
odes, Glinus ; Sicyases, Gobiesox. 

Heliastes ; **Malacopterus ; *Labrichthys. 

Merluccius ; *Gcnyptorus ; Pseudorhombus. 

Engraiilis, Clupea ; Ophichthys, Miincna. 

Syngnathus.— -*Bdellostoma. 

Of these genera six only are not found in other districts 
of this zone. Three are peculiar to the Chilian district ; 
Porichthys and Agonus have penetrated so far southwards 
from the Peruvian and Californian districts ; and Folyprim 
is one of those extraordinary instances in which a very speci- 
alised form occurs at almost opposite points of the globe, 
.without having left a trace . of its previous existence in, or of 
its passage through, the intermediate space. 
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4 The Patagonian district is, with tiie exception of th.^ 
neighbourhood of the mouth of the Eio de h Pint i 

irasih^nnXZT and PcrcopL 

7 (two fishes peculiar to this eoo<;f\ ^ 

t:::r 

ofkMai I'Liv'ij ?r«”'c tr 

s™»« ...d Ca,;„,., Of 4,,, , “ ''™"“ “ 

t»0 or tlimo C!„J,„,, „ ,,o,| . '“ "»‘< »' 

know,. r.f / onumerated all that is 

^'>*0 WsliesoFthe southern part vi/ 
le coast of Patagonia projier, soutl.war.ls to M, .mll’ia.n’s 
Straits, arc unknown; which is the more to be rcr 

t IS mo^ character- t^; !;:: 

01 this district are most developed. 


V.- 


-SiioiiE Pishes of the Ant.\i;ctic Ocean. 


To this fauna we refer the shore fishes of the southern 
moot c,tro™i„. of Soo.l, A,„o„o„, f„„. ; 

g'lolous LoikI. tvitli I’ri.icc K,hv.-ml', K„ li,|,o, 

W„ from 11,0 oti,,,.. oooooio 

lit the .Soothe,,, H,„„i,,,,,e„ „„.f„o„ . 

so lai to,v.,nls the I'ole os ,„ the Norther,, ; „„„e k„o«-„ 

SCO ts„„„d CO- lot, S, «„cl the A„m„,tie „o„„„ 

«,.«Iogous to the Aretic F„„„o, i„l,ol,i„ oooslo .oo,; tl„„ L. 
*Srec ,.eoA, to tl,e e<„,otor, ,t is ve.y ,,rota,;;;; [I;;" 
s ores bet.-eeu CO* «,„i the Ant.oiotic eirelo arc inhobited 
y shes sufficiently numerous to supply part of Hip 
of suhsisreaee for the ,.r,e .Seals Jlih^.C 1 !'; C 
ome season of the year, but hitherto none have been ob- 

Wsf ’'t-r""*"*- ““ -f »” taow- 

ge justifies US m s.,ymg i,, a,,, no general ohmeter of 
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the Fauna of Magelhaui’s Straits and Kerguelen’s I^ind i: 
extremely similar to that of leelanil and (Jreenland. 

As in the aretie Jauna, C'liondropterygians are scarce 
ami represented hy Aiant/nas vuhjaris and species of liajfi 
Hvlocephali have m^t yet lK‘en h»und so I’ar south, hut Callm' 
hf/iu'hus, wliich is not uncommon near the northern houndar} 
of this fauna, will prove to extend into it. 

As to Acantlckpterygians. ('^fnphnfrtl and Srorpmuila 
are rej>resented as in tin? areti(‘ Fauna, two of the genera 
{Sihasti-'i and A>/onus:) lacing identical. 1'he Cnttola: are re- 
placed hy six genera of TmA* iaulo\ nanarkahlv similar in 
form to arctic typ<*s: hut D and tin* charact(*ristie, 
Arctic ]>h‘nnioids are ai>sent. 

( »adoid fishes reappear, hut arr* les«; de\'eloptMl • as usual 
they are accompanie<l ]>y J/y/Z/e-. Tie* reajjpeanmci* of so 
specialised ;i genus as Zy/v>/Aw most remarkahh*. Flat- 
fishes are scare*! as in the North, and helong to peiailiar 
genera. 

Physostomes are pn»h;d>ly not c*ntirelv ahsimt, hut hitherto 
none ha\t* he*.*n met with so tar ^ouih. f/fphohranchs an*, 
scarce, as in the Arctic zone; how»*ver, it is noteworthy that 
a {peculiar geniw, with j>ersiste*nt t‘inhrvonir* (’haract»‘rs {/Ve/c- 
mm/u/.y, is rather cMUiirnon on tin; shores of the Falklaml 
Islands. 

The following are the genera known from this /om*. 
TliO>e \\ ith a single asterisk (•j are known to extend inlo 
thf5 Jf!i[iperate zone, })ut not IwvomT jt ; tlios** with a doul^k* 
asterisk are limited to the Antarctic shores 

Acanthias vulgaris . 

Psammobatia 
Sebaatea 

^•Zanclorhynchus 


ai)<I 

Kalklan*!. 

1 

1 

1 

1 


Kpikui'I^h. 
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*Agriopus . 

Magelhien’s and 
Falkland. 

1 

1 

1 

1 

1 

Kerguelen. 

Agon 118 

■ — 

^Aphritis 

— 

^Klegiriijs 

— 

^^Cliienichthys 

— 

^Bovichthys . 

1 

^Notothenia . 

2 

— 

"•"^ffarpagifVr . 

8 

1 

i 

7 

Ly codes 

1 

^'^Magnea 

4 

1 

1 

1 

— 

Ivfitella 

— 

Alerluccins . 

— 

•^Fi<^pi(lopsetta 

— 

** I liy8anoj>si‘tta 

1 

1 

1 

1 

:n 

1 

‘Syngnatlius 

**IVot<)cain{>us 

— 

Myxine 

13 



'«• 108.~CA<rn..^My, ,l.or,-* of the ADtarK tic Ocean 



CHAPTER XX. 


lU.STRlIiUTtD.V OF rKI.AfilC FISirKs. 


lEL.voic Fislie,s,— tliut k, li.slu..s inhal.itin-the.^tirlace of mid- 
ocean (see j). 2oo). hclon- to varioii.s ordms, viz. Cliomhoj)- 
terygians, Acantho,,terygia.H. l-l.ysostomes, Eoplioln-anclis 
and Elect. ,gnat).s. Pat neitlcT Auacanths m.r Pl.aryngog- 
natlw contribute to tiii-i s.-ri.'s of tlie .Marino Fauna! dhe 
following g.mera ami faniilii-s are indmlcl in it 

Cn.i.VMu.im:itv.;ii; ( 'ardiarias, Caloocerdo. Thalassorliiniis, 
Zygama, Trimnodon, Lamni.l,.-, Rldm..!..,,, Xotidani.Iay Leniar- 
gu.s, Eu|)r..tonucru,s, Edumaliinus, lsi,>tius; Myliobatida'. 

Ar.vXTiromKUV.ni : l)a.aylu,.t,.rns, Mi. r..j,tervx, Scom- 
brina, Gastr.x-bi.sma. Xo.m-us, ( •entr.d..pbu,s ( 'orvi.hamina, 
Heriola, Temno.lon, Xam'rat..s, Psenes, .Xiphii.Ia., Antennari.n. 

Pirv.so.HTO.Nfi : St..rnoptyd.i,ia., Sc.i.dus, Adronc.dlies, 
Pcjinbresiidda,' . nia joril vg 


Loriloi;i;.\.v.;mi : Hi[.j>..cani|.u.-. 

Pl.K.-ToGN.vTKt: Orthagoris. uspind s. aneotlierC {yninodoiits. 

I’dagic fidie.s .lilf.-r mtidi from one anotiier in tlidr mode 
jf life, ill*, m,i Joiity are c.xcdlent swimmer-!, wliidi not only 
can move with great raj.idity, but also are possessed of grc;it 
Ijowcmofemluntnce.and are tl.us enabled to continue their 
course for weeks. a[.parently without tlie nece.ssity of rest: 
such arc many Sharks, Seombroid.s, I tolj.ldn.s, Pilot-fish, Sword- 
fishes. In some, as in Dachjhplcrris xiwA Exococtu.% tlie ability j 
of taking flying leaps out of the water is supcradded to the 
power of swinnning (Flying-fishes). But in othera the power j 
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of swimming is greatly reduced, as in Antennarius Hippo 

icsistance. . t tl.e mercy of wind and current. The mcneis or 

float "f 1 selves to other large fish, ships, or 

‘ mg o ijects, and allow themselves to he canied ahmit 

unless change of climate or want of food ohhV^es them to 

ahandon tlieir temporary carrier Pinallv o, n i ^ 
Ppl‘i<ru‘ fiiiother class of 

rtla ,c cme to ,l,c surface of tl,e cKre.n 

^^';to. ,;.„ tl,e ,,ay tuu. »„,e ,LS, 

' litie they are undisturlfcd hy the rays of th* 

...e ..HaHou of.,,.. ™,.fa<.e.„.a,or^.. rue,, Z .Tr 

fc|,es, ,|,e 

" ''"'I " i"' ‘I'O* o«r.a..r,li„a,v lun.iuan- o™,,, 

^‘v..a,e«,,.,,f„„,,oa,„L,e.c,.;:: 

'I’nr'* I'y are most iiumerouo in tJie 

.l.eal an, I, , Vi, I, f,.cv,.s..„|„i„, 

•Vr „,e 

"■•'I”"' aa ao in tl,e Itol^VtZL. 

,C nmn ler of i.I|.nl„.al s|«.,.i,.s oecnriino | ,| ,| 

aan, ,a an, I pnj.a,,,,. 

™. .aj^leinali,, lio.o, in ,vl,i,.„ „,ere re.ai.nal many 

to liavc'" “• " "'tott ai’ories were lieliove,! 

lure a very l,nm,.,| ra„s,.. Tlie IVlaKie fauna of tire 

,.ZZ r™'' 'T' "" •'■"’f'""' 

al, ■ r ! T""'- tain., 

ral 1, ' 'I"- "titer tropS 

«M,tatir™r"‘'”' >»'t titeir repro- 

fea Jr.;. , “"“■'’8™™ have disnp- 

> art met with in isolated 




N,w,a>^, ConjpluTna, S,h:,h>philu.., &nph,, Tannodon, Anten- 
na nn>>, St, rnoptyehidn-, A^traneslhe,;, JC.veaeta,^, Tet radon, Dio- 
da,, ; and only one .^onus of Sliarks, (Inleoeerdo, ai)i)roaclKW 
tlio Aivtir eirolo. Sonu* few spooios, liko Anh-nnarivs, 
Sap,!,,:,, aiv oaiTitHl l.y onnvnts noar to tlic nortliorn confinos 
ol till' tenipoialo zniios ; Init siu li oci iii Tfiicos aiv accidonlal, 
anil thoso fishos ninsl l.o ifu>aidi'd as cntiroly fmoiir,, to tlio 
fauna of thoso latitndos. Oi, tin- ..tluT liand, si.nic Pola-ic 
fi.dios jnhalut tho tonipfiato zonos. whilst tlioir m riiironco 
^\ithin till* Irupics is wry iunldfinatioal ; thus, in tlu- Atlan- 
th-, 7Vo//,7.sv,;,/iiai/s, Lama, pas, Diana, 

A,esaa,a, La,aj,r,s all iton.-ra (■i.ini.i.s.sl i,f .„ii’ nr two sp..cics 

only}, r.osidn till- Shark I, no othor J’,da-i.- tishos 

am known from tho An tii’ < (n an. 


^^o possess very littlo iid'orniation al.oiu thr I’idaoio tish- 
tauna of tin- Sonthmi ...•,.ans. ,So mu. h only is ivriain, 
that till- tropiral forms -/m-W/v disappvar ; hot it wonld ho’ 
hazardous, i,, tho prosmit stalo of .mr knowlrdo.., ,,tato 
t‘Von apiiroximat.dy, tho limits of tho .southward ran.u'o of a 
•'>‘ti.,lo zi nii>. Siaiooly moro is known ahout tho appoaranco 
of typos jioonliar to tho .s^onthorn tomporato zono ; f-r in- 
.^lan-o. tho oioantio Shark {L'lnaad,.,, , rvprosont in.o tho 
Xorthorn .Solaoho, noar tiio ooasi-, of .s,,nth .\frioa, and tho 
Scomhroid oonn.s, Ca.JnA, isma, i„ tho South I'aoitio. 

Thi- !aroo-,t of marino ti.h. s, Dhinad,.,,, S, (\,rrlanv- 
dan, Mpiiahatala, Th, Innas, Xiphiala-, Urthapansras, holono to 
til . 1 1 li^ii I anna. ^ ouiio lishos aro froipionlly found in 
Jo.d-ixoan, wlnoh am tin- olf^prino of .shorodisho.s nornially 
1' itiii., till ii .ipawn noar tho l oast. 'Dh' niannor, in whioh 
li} j)ass(;.s into tho upon .soa, is nnknown ; for it has 
not yot boon a.scortai„od vvl.otl.or it is oarriod by . urronts from 
tit plate where it wnw depwited orioinally, or whethor .shore- 
hshes srtinetimes .spawn at a distun-e from the whusL We 
may rememlwtr that shore-fi.slies iiiiiabit not only coasts but 
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»lM suWgrf ,,a„k, will, some 

1. 1 «. looal,lK.» „ very li„l,|„ t„ “ 

of 1.0 ...■o,,.,, k.,nl,ry„c,, or at loaat »„„o »l,„ro.fc|,o, hatcl.oj 
'.M.Io. ..taioniial o,„„l,ii„„s aeon, to |,avo a„ al,n.,r,„„| „rowtlI 
to a oorta.,, |,„™,l „r Ihoir life, ' 

1. .1,-1,,.. a M.a.lar mi„„„roi|,o,o- 







y 


/ 



^ • 
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frr^m thif liidUiii Ckmu, 


CHAPTER XXI. 


THE FISHES OF THE DEEP .sEA. 

The knowlinlm* of tlio oxistoiioe ot docp-scii fislit's is oiio 
of the recent di.scoverio.s of ichtlivnld^'y. Jt i.s enly nhtnit 
twenty years udo that, from tlio evi,|, n.'(! alfonlcl I.y Hr; 
anatomical structure of a few singular fishes ohtaiiie.l in the 
Xortli Atlantic, an opinion was exi.ressed tliat these fishes 
inhahited oreat depths of the ocean, and that tlirn'r oroanisji- 
tion was specially adapted for liviny under tlie jdiysical 
abyssal conditions. These fislies aoieed in tin* character of 
their connective tissue, winch was so extremely weak as to 
} ield to, and to !)reak undiu', tlie sliylitesi pressure, so that the 
greatest ditiieulty is exiarienced to ju-escrve their bodv in 
its continuity. .Another singular ciri um.staiKa- was, that some 
of the .specimens were picked up floating on the surface of the 
water, having met their deaths whilst eng, aged in swallowing 
or dige-sting another fish not much inferior or even superior 
in size to themselve.s. 

Tlie first i>ecnliarity was aecounte.] for by the fact that, 
if tho.se fishes really inhabited the gr.-at dei.ths supjiosed, 
their rcmoxtil fiom the enorinou.s jiressure umler which 
they lived would be accompanied by .such an exjiansion of 
gaiies within their ti.s,sue.s a.H to rupture them, and to cause 
a separation of the part,s which ha.l la-en held together by the 
.pressure. The .second circnmstance wa.s explained thus 
A raptatorial fi.sh organised to live at a depth of between 500 
and 800 fathoms seizc-s another rusually inhabiting a depth of 
between 300 and 500 fathoms. In its struggles to escape, 
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^Vl 

carries the laUer olft ^ 

where the „i,nini.shecl pressure ^ 

gases as to uiake the .lestroyer wit), if. . 

creasing- rapidity towards tl,e surface wlu-d. u" 

Or in a dviii-r coudifinn Q • ’ * ^ reacli dead 

Un.ly "■ •'"» 

-■■■«' «":l.t;;:K‘”::;,: 

' --t I, v,,v »f 

II, »t ,1„„„ l.:,.„.,.,, „ , , ' I■''nl,.■r .«tn,cvl 



■--- 

»ir",t''n,!.''';r,':‘'- '"' "W-I' 

<■' •'«■ ,io 

-"h fathorul ’ T '"’I iH-yond.a depth 

where the rC. '-^V' r *" *' the 

is of . fauna vonnnmcvs. Almnco of 


Oft 
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2. The absence of sunlight is in some measure compen- 
sated for by the presence of phosphorescent light, produced hy 
many marine animals, and also by numerous Deep-sea fishes. 

• 3. Depression and ecpiality of the temperature. At a deptl: 
of 500 fathoms the temperature of the water is already as 
low as 40° Fahr., and perfectly independent of the temperature 
of the surface-water ; and from tlie greatest depths upwards tc 
about 1000 fathoms the temperature is uniformly but a few 
degrees above freezing-point. Temperature, therefore, ceases t(j[ 
offer an ol)stacle to the unlimited dispersal of Deep-sea fishes 

4. The increased pressure by the w^ater. The pressure o: 
the atmosphere on the level of the sea amounts to fifteen 
pounds per scpiare incli of the surface of the body of ar 
animal ; but the pressure amounts to a ton w^eight for everj 
1000 fathoms of depth. 

5. With the sunlight, vegetable life ceases in the depths of 
the sea. All Deep-sea fishes are therefore carnivorous ; the 
most voracious feeding frecpiently on their own offspring, and 
the tootliless kinds being nourislied by the animalcules whicl: 
live on the bottom, or which, like a constant rain,” settle 
down from the upper strata towards tlie bottom of tlie sea. 

6. The perfect quiet of the water at great depths. The 
agitation of tlie water, caused by the disturbances of the air 
does not extend beyond the depth of a fe\v fathoms ; below 
tliis surface-stratum there is no other movement except the 
quiet flow of ocean-currents, and near the bottom of the 
deep sea the water is probably in a state of almost entire 
quiescence. 

The effect upon fishes of the physical conditions described 
is clearly testified by the modification of one or more parts of 
their organisation, so that every Deep-sea fish may be recog- 
nised as such, without the accomjianying positive evidence 
tliat it has been caught at a great depth; and vice versa, 
fishes reputed to have been obtained at a great depth, and not 
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liavnig any of the characteri.stics of the dwellers of tlie Ho 
^ sea, must be regarded as surface-fishes. 

faking characteristic, found in many Deep-sea 
they live “ tremendous pressure under which 

^^eloped Thfh'"™' r'" -«-k^ee-fishes, very fcebly de- 

' teZt al i 7" -7" --7us 

' 7r -^ly penetrate the::;.: 

bicakmg The bones, especially tl.e vcrtebrm, appear to 
e most loosely connected with one another; an.l it requires 
most careful handling to prevent the breaki.m of the 
connective ligaments. The muscles, especiaUy tlfe Lat 
lateral muscles of the trunk -and tail, are thin, 7 e fascHes 

tiver'"'' the connec- 

ive tissue being extremely base, feeble, or apparently absent 

This peculiarity has been observed in tbo T / , ‘ 

»„„.e fc. actually oto,,,., 4,lat ihocc fl,, 

jacious creatures which must be able to execute rapid and 
powerfnl movements to catch and overpower their prl • and 
'1 lat object their muscular system, thin as its layers may 
^ e must be as firm, and the chain of the segments of their 

; ! ;7 ^^^-^kcr as in surface-fishes! 
t]iose°fi7 ’ ' that tlie change which the body of 

sure Z their withdrawal from the pres- 

^ le under which they live is a much aggravated form of the 

aff ction hat is experienced by persons reaching meat al!i! 
lu es in their ascent of a mountain or in a balloon. In every 

fluTds wP " blood and other 

in loLTon rr'° "7 g-- 

n er greatly diminished pressure these gases 
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expand, so that, if the withdrawal from a depth is not a 
extremely slow and gradual process, the various tissues mus 
be distended, loosened, ruptured; and what is a vigorous fis: 
at a depth of 500 or more fathoms, appears at the surface a 
a loosely-jointed body which, if the skin is not of sufficien 
toughness, can only be kept together with difficulty. A 
great depths a fibrous osseous structure and a thin layer o: 
muscles suffices to obtain the same results for which, at th( 
surface, thickness of muscle and firm osseous or cartilaginom 
tissue are necessary. 


Tlie muciferous system of many Deep-sea fishes is deve- 
loped in an extraordinary degree. We find already in fishes 
which are comparatively little removed from the surface 
(that is to depths of 100-200 fathoms), the lateral line much 
wider than in their congeners or nearest allies which live on 
the surface, as in Trachichthys, Iloplostethus, ma,iij Smpwnidce. 
But 111 fishes inhabiting depths of lOOO'and more fathoms, 
the whole muciferous system is dilated ; it is especially thJ 
surface of the skull wliicli is occupied by large cavities 
{3IacruridcB, deep-sea OpUdiidai), and tlio whole body seems 
to be covered with a layer of mucus. These cavities collapse 
and shrink in specimens which have been preserved in spirit 
for some time, but a re-immersion in water for a short time 
generally suffices to show the immense quantity of mucus 
secreted by them. The physiological use of this secretion is 
unknown; it has been observed to have phosphorescent 
properties in perfectly fresh specimens. 


The colours of Deep-sea fishes are extremely simple, their 
bodies being either black or sdvery; in a few only are some 
filaments or the fin-rays of a bright scarlet colour. Among, 
the black forms albinoes are not scarce. 

The organ of sight is the first to be affected by a sojourn in 
deep water. Even in fishes which habitually live at a depth , 
of only 80 fathoms, we find the eye of a proportionally larger 
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feh Jthe eyes tarelrrr™ T “»'> 

thee.,*™; 200%:;!;; ''^• 

necessary to collect m many rays of li„l,t , "f , 

that depth small-eyed fishi i ^ . possible. Beyond 
former Imring tho.r „ . „7 “• “o* the 

clar organs of t„„el,. 

organs, and evidently sec only hy' the ahuf'; “t 
' sreatcsl depths blind lisLs ocenr J 
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leach other in theiranatomic 

consist of an anterior, biconvev lens lii-e bo 
parent during life simnle o,- ’ \ ^ ^ ^ 

ar-dofapostbior;:;;?^^^^^^^^ 

fluid, and coated with a darP mer l ^ ^ transparent 

gonal cells, or of rods ^wn ' \ composed of hexa- 

B found in Aitmu'dlm alf ' otmeture 

U..d the organ swL?^^; '“‘bo other 
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run to each oiwan and oro ri- i -i ^ spinal nerves 

uiembrane or tL "landular f^ir retina-like 

glandular folhdes. The fomier kind of 
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orgiins are considered by some imtumlists true organs of 
vision (accessory eyes), the function of the latter lieing left 
unex}>lained l»y them. 

Although, thus, these organs inorpholugieally dilfer from 
each otlier, there is no doubt that tla> functions of all have 
Some relation to the peculiar conditi«uis of light under which 
the tishes provided with them live; these lislues being either 
deep-sea forms or nocturnid pidagic kinds. I'lien* are three 
possilde hypothest‘s as to the fuiu tion (‘t thi‘se organs : — 

1. All the ditfcrent kinds oi organs are sensory, o)\ in 
other Words, acet*ssorv evt/s. 

2. Only the organs with a lentiiuhir IhhIv an* sensorv, 
and those with a glandular struetiiri* juodiK'e and enjit 
p 1 ajs f ) ho res e e n t light. 

3. All are {)roducers of light, 

Tiiere are very serious ol»jt;(tions to adopting the first 
view. Si'opf'J.H.'i aial poss<*ss not onlv [MTleiglv' 

developed, but even large* eyes, sjiecially jidai^tc'd for a 
nocturnal life ; and tla*rt‘fure aeeessory organs of vision must 
appear to be quite suiH*rfluous to them. On the other hand, 
in lJeep'Sf*a fishes without ext4*rnal eyes, whieh woidd seem 
to espeeially requin* these metanierie <»rgans of sense, they 
ar»>* in\arialdy af>s<*nt. .^^Vnd. finally, it is (piite im'onceiv- 
able that the glandul.tr structures sliouhl have tlui faculty 
of conveying im[)r»*ssions f>t light to tla* nervf)us centre. 
The sC'Cond supj>osition s(‘ems therefore^ to lx*. n(*ar(*r tla* 
tiaith ; and is Huj)port^*d by thf* fact that the glandular organs 
of S<x>{K*li have actually been observecl to gleam with phos- 
phore.icent light, and by the obvious Tm»rplH»logical sifiiilaritv 
of the organ.s with a lenticular Ixxly and retina-like menihnim^ 
to an organ r>f vi.sion. We are, rnonxjver, justified, from an 
ic priori consideration, in suppo.sing that in depths to which no 
sunlight descend.s, and which are illuminated by phosphores- 
cent light only,*|)eculiar oigans of vision would have been 
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jaws, as in Snakes. These fishes cannot be said to swallow 
their food, hut rather draw themselves over their victim, in 
the fashion of an jLctinia, 

Before the voyage of H;M.S. “ Challenger,” scarcely thirty 
Deep-sea fishes were known. This number is now much 
increased by tlie discovery of many new species and genera; 
but, singularly, no new typos of families were discovered • 
nothing but wliat miglit have been expected from our pre- 
vious knowledge of this gi-oup of fishes. Modifications of 
certain organs, perfectly novel, and of the 'greatest interest, 
were found, as wo shall see in the “Systematic Part-” but 
the most important results of this voyage are that the general 
character of the abyssal fish-fauna, the abundance of fishes, 

and the exact tlepths to which fishes may descend, have been 
ascertained. - 

However, the statements of the depths at which the - 
fishes collected by the “Challenger” were taken cannot be ^ 
received without some critical examination of eacli individual 
species. Ho precaution was taken to keep the mouth of the 
c redge closed during its descent or ascent, and therefore it is 
■ quite within the limits of probability that sometimes fishes 
were accidentally enclosed witliin the dredge, whilst it wa- * 
traversing the surface strata. And this has happened more i 
than once; for it is quite certain that common surface fishes ; 
ike StcTuoptyx and AstroiieMJies, never ranged to a depth] 
of 2500 fathoms. On the other hand, the \uajority of thi 
fishes obtained offer suflicient evidence from their own or<Tan- 
isation that they live on the bottom, and are unable to] 
support themselves in the water at a certain distance from 
the bottom or surfiice ; and, consequently, that they actually 
were obtained at the depth to which the dredge descended, j 
As far as the observations go at present, no distinei 
bathymetrical regions, which would be characterised bi| 
peculiar forms, can be defined. The depths from 200 t? 
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series of similar systematic 'PP^emented by other 

startling conclusions at whicli 

B>eep-sea fishes would raimefrom ^ ^ ^^'e species of 
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the- surface in the cold and temperate zones, or which appear 
as nocturnal pelagic forms. The Chondropterygians are few 
^in number, not descending to a depth of more than 600 
fathoms. The Acanthopterygians, which form the majority 
of the coast and surface faunas, are also scantily represented ; 
genera identical with surface types are confined to the same 
inconsiderable depths as the Chondropteiygians, whilst those 
Acanthopterygians whicli are so much specialised for the life 
in the deep sea as to deserve generic separation, range from 
200 to 2400 fathoms. Three distinct families of Acanthop- 
terygians belong to the deep-sea fauna, viz. Tracliyjpteridx, 
Lophotidm^ and Notacdnthidm ; they respectively consist of 
three, one, or two genera only. 

GadidcB^ Oi)hidiidaz, and MacruHdm are very numerous, 
ranging through all depths ; they constitute about one-fourth 
of the whole deep-sea fauna. 

Of Physostomi, the hiinilies of SUrnoidycliidm, Sco^peMdce, 
StomiatidcCy Salmmidm, Bathythrissidm, Alepoce])]ialido 3 , Halo- 
sauridm, and Murccnidce are represented. Of these the Scoj)e- 
loids are the most numerous, constituting nearly another 
fourth of the fauna. Salmonidco are scarce, with three small 
.genera only. Bathythrissidce include one species only, which 
is probably confined in its vertical as well as horizontal range ; 
it occurs at a depth of about 350 fathoms in the sea of Japan. | 
The Ale/pocejpJialidm and Halosauridoe, known before the 
'' Challenger ” expedition from isolated examples only, prove to 
be true, widely-spread, deep-sea types. Eels are well repre- 
sented, and seem to descend to the greatest depths. 

Myxine has been obtained from a depth of 345 fathoms. . 

It will be useful to append a complete list of Deep-sea { 
fishes, with the depths as ascertained by the dredgings of) 
,vthe Challenger : ” — I 
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List of Deep- 

Fishes. 

Chondropterygians 

Fathoms. 

liaja 

ScyJJiiim 

665 

CentroscylJium 

. 400 

Cen t roph oru s 

246 

ACANTiroPTERYGUNS— 

• ■ 346-500 

Pomatomiis 

Sebastes 

(f down to) 200 

Setarches 

275 

Beryx 

215 

Melamphaes . 

345 

Bolymixia . 

O 

0 

1 

Nealotus 

345 

N esiarchus 


Aphanopus 

• 

Euoxyirietopon 


Lepidopus . 

■ 

Gempylus 

346 

Anomalops 


? Antigonia 


Biretmus 


Cottus 


Bathy draco 

565 

Oneirodes 

1260 

Melanocetus jolinsonii 

1860 

>> bispinosiis 

Himantolophus 

360 

Chaunax 


Ceratias 

215 

Halieutichthys 

2400 

Bibranchus 


Trachypteridse 

360 

Lopbotes 

• 

•Notacanthus rissoanus 

1876 
• 400 

» bonapartii 
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Anacanthini — 

Fathoms. 

Melanonus . 

1975 

Halargyreus . 


Lotella marginata 

120-345 

Physiculus . 

345 

Uraleptus . . 


Laemonema . 


Haloporphyrus australis 

55-70 

,, lepidion 

. 345-600 

,, rostratus 

. 600-1375 

Chiasmodiis niger 

1500 

Sirembo grandis 

. * 1875 

,, macrops 

375 

„ messieri 

345 

„ ocellatus 

350 

„ brachysoma . 

350 

Acantbonus armatus . 

1075 

Typblonus nasus . * 

2440 

Aphyonus gelatinosus 

1400 

Rhiiionus ater 

2150 

Bathynectes laticeps . 

2500 

„ compressus 

. 1075-2500 

„ gracilis . 

1400 

Pteridium 


Macrurus (12 species) 

. 120-700 

Corypliaenoides norvegicus 


„ serratus 


„ nasutus 

. 345-565 

„ villosus 

345 

5 , rudis 

. 500-650 

„ aequalis 

600 

„ crassiceps 

. 520-650 

„ microlepis 

215 

„ murrayi 

1100 

,> serrulatus 

700 

„ filicauda 

. 1800-2650 

„ variabilis 

. 1375-2425 

„ affinis . 

,1900 
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Coryphsenoides carinatus 

» longifilis 

>’ altipinnis 

» ' asper 

” leptolepis 

» sclerorhynchus 


I) multifilis 

Sternoptychid^ 

•Argyropelecus 
Sternoptyx . 
Polyipnus . 
Gonostoma denudatum 
» microdon . 

» elongatum 

gracile 

Chauliodiis . 
ScOPELIDvE 


,, , (lenticulatus 

•MaJacocephalus 
Bathygadus cottoides 
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Fathoms. 

■600 

565 

• 565-1875 

• 600-1876 

• 350-2050 • 

1090 

• 275-520 

350 

• 520-700 

500 

1127 [?] 
0-2500 p] 

255 

. 500-2900 [?J 

• 360-800 

• 345-2425 

• 565-2560 


Bathysaurus ferox 
” mollis . 
Bathypterois longifilis 
» longipes - 

» quadrifilis 

’! longicauda 

Chlorophthalmus agassizii ' 

» m’gripinnis . 

» gracilis 

ocopelus engraulis 

» antarcticus . 

» mizolepis 

» dumerilii 

„ macrolepidotus 

» crassiceps . 

» macrostoma 
» microps 

Odontostoinus hyalinus 


1100 

• 1875-2385 

• 520-630 

2650 

• 500-770 

2550 

215 

120 

- 1100-1426 
255 
1950 
800 
215 

■ 520-630 

• •675-1560 

• 2360-2425 

• 13 TiJiS 
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Odontostomus humeralis 
Nannobrachium nigrum 
Ipnops murrayi 
Paralepis 
Sudis 

Plagyodus . 
SxOMUTIDiE — 

Astronesthes niger . 
Stomias boa 
„ barbatus 
„ ferox 

Echiostoma barbatum 
„ micripnus 
„ microdon 
Malacosteus niger 

,, indicus . 
Bathyophis ferox 

SALMONIDiE 

Argentina 
Microstoma . 
Bathylagus antarcticus 
„ atlanticus 
Bathythrissid^e — 

Bathythrissa dorsalis 
ALEPOCEPHALIDiE — 

Alepocephalus rostratus 
„ niger 

Platytroctes apus 
Bathytroctes microlepis 
rostratus 

„ macrolepis 
Xenodermichthys 
Halosaurid^ — 

Halosaurus owenii 
aflBnis 

„ macrochir 

,, me<|jorostri3 

„ rostratus . 


Fathoms. 

500 

500 

1600-2150 


2500 m 
450-1800 


2150 

*2440 

500 

2750 


1950 

2040 

345 


1400 

1500 

1090 

675 

2150 

345 


565 

1090-1376 

700 

3760 
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Mur^NID^E — 

Nemichthys scolopacea 
ff infans 
Cyema atrum 
Saccopharynx 
Synaphobranchus pinatus 

» bathybius . 

brevidorsalis 

affinis 

Nettastoma parviceps 
Cyclostomata-— 

Myxine australis 


Fathoms. 


• 500-2500 

• 1500-1800 

• 345-1200 

• 1875-2050 

• 1075-1375 

345 

345 

345 



Fig. 111. — Chiasmodus niger ; obtainnrf in n.„ tw n . 

1500 fathoms ; the specimen has swallowed a largrScopeIus"(!S ventSl fi! 



SYSTEMATIC AND DESCRIPTIVE PART. 


TftE Class of Fishes is divided into four sub-classes ; 

I Pal^ichtiiyes.— Heart with a contractile conus arte- 
riosus; intestine with a spiral valve; optic nerves non-decus- 
• sating, or only partially decussating. 

II. Teleostei. — Heart with a non -contractile bulbus 
arteriosus ; intestine without spiral valve ; optic nerves de- 
cussating. Skeleton ossified, with completely separate 

vertebrae. 

III. Cyclostomata.— Heart without bulbus arteriosus; 
■intestine simple. Skeleton cartilaginous and notochordal. 

One nasal aperture only. No jaws; mouth surrounded by a 
circular lip. . 

• IV. Leptocaudii.— Heart replaced by pulsating sinuses ; 
intestine simple. Skeleton membrano-cartilaginous and noto- 
chordal. No skull; no brain, 

FIRST SUB-CLASS : PAL-EICHTHYES. 

Heart with a coniractile cmm arteriosws-^ iniestiw with a 
■spiral valve optic nerves fwn-decussatir^, or only partially 
. deomsating ;» sMeton cartilaginous or osseous. 

' This sub-class comprises the Sharks and Bays, and e 
fOanoid fishes! Although based upon a singular concurreuce 
ff most important characters, its members exhibit as great a: 
^iveiflitv of form, afid as manifold modifications m the roj 
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*e7 were the predecessors of Teleosteous fi 1 
•emarkable fact that alJ tr i- . ^shes; and it is a 

approach of the ichthyic typl tTthf S!t "" “ 

n this sub-class. We divide it i r r ' are found - 

a.m\ Ganoidei. ” orders; CVtowifroy)- 

first ORDER: CHONDROPTERYGII 

I' 7f' foS. of the caudal fin producT'^GT^ 

[Vb air-bladder. Two three n^e ^ ^ OM-cover. 
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first SUB-ORDER : PLAGIOSTOMATA 
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on the abdominal aspect of the fish ; the body is depressed 
and the trunk, which is surrounded by the immensely^ 
developed pectoral fins, forms a broad flat disk, of which thej 
tail appears as a thin and slender appendage. Spiracles are] 
always present ; the number of gill-openings is constantly five 
no anal fin ; dorsal fins, if present, situated on the tail 
However, some of the Eays approach the Sharks in hav 
'ing the caudal portion less abruptly contracted behind th( 
trunk. 

Fossil Plagiostomes are very numerous in all formations 
Some of the earliest determinable fish remains are believe(l 
to be, or are, derived from Plagiostomes. Those which ca^ 
be referred to any of the following families will be mentione 
subsetpiently : but there are others, especially fin-spines, whic| 
leave us in doubt to which group of Iflagiostonies theil 
owners had any afllnity, thus Onchus from the upper Silurian 
continuing to carboniferous formations ; Dimemcantlim 
IlomocaiitliiiSy from the Devonian; OracanfJius, Gyracanthu^ 
Tristycliius, Astroptyehiii^, Flyckacanthm, SpJicnamnthus, etc! 
from carboniferous fininations; Lcptacantlvm, from the cog 
to the Oolite ; Cladacanthus, CricacanthuSy GyropridiSy ad 
LepracaiithnSy from tlie coal measures ; NcmacaiithuSy Liaca\ 
thuSy from the Trias ; AstracantliuSy MyriacantJvuSy Pristaca> 
thuSy from the Jurassic group. 


A. Selaciioidei : Sharks. 

The elongate cylindrical body, generally terminating iiK 
more or less pointed snout, and passing into a powerful ar| 
flexible tail, blade-like at its extremity, gives to the Sharksl 
most extraordinary power of swimming, with regard to ei[| 
/ durance as well as rapidity of motion. Many, especially thd 
, larger kinds, inhabit the open ocean, following ships for weeksl 
5 01; pursuing shoals of fishes in their periodical migrationsif 
^,pther lai|jfe-sized sharks frequent such parts of |h0 coast : ^ 



SELACHOIDEI. gjg 

)ffer them abundance of food ■ wliila*- <i 
smaller kinds are shore fishes mrelv les 
sometime, com.rteali,m i„ e Um bottom, a., d 

moat, of shark, " f"" “»™- 

their flexible body boinb bonur”'* of snakes, 

moving ^ ■" '“™ 000 curve when 

Sharks are most immeroiiq in i 

Tropics, and become scarcer beyond a feV‘'l " 'T-'" 

'Arctic circle; it is not known how ‘f-J ll ^ho 

-tern, a„d ltdl “rilke t ^ 

fceeie, h.ave ,, I ‘ “ ™" “» "'e ,l.„,e 

'to a considerable dontr'^.T 'n ‘ 
iTher, am a, mat Uo'difl ' 

Vklem or spines,’ of va,'ils“J','“" “ 

foan i ' f ^ body of a 

£ ft 1 '*“■ “ ™“1> of » swl 

tith ve“Lma, S‘ “'“t "f” P™'" 

ishes \ ’ liaAiless, feeding on small 

he smaller k' “ivertebrates. Otliers, particularly of 

^£—■='3 

In Chint. ^ '*®‘'°®Posing bodies. 

•k. S^er kinl thTla^rS. 



FISHES. 


India and China a very important article of trade, the 
Chinese preparing from them gelatine, and using the better 
sorts for culinary purposes. The fins are ; obtained not ex- 
clusively from Sharks but also from Hays, and assorted in 
two kinds, viz. - white and black.” ‘ The white consist ex- 
clusively of tlie dorsal fins, whicli are on both sides of the 
same uniform light colour, and reputed to yield more gelatine! 
than the other fins. The pectoral, ventrjil, and anal fins pass 
under the denomination of black fins ; the caudal fin is notj 
xised. One of the principal places wliere shark fishery iJ 
practised as a profession is Kurrachee. JJr. Buist, writing ini 
1850 (‘Troc. Zool. Soc.” 1850, p. 100), states that there arej 
thirteen large boats, with crews of twelve men each, con- J 
stantly employed in this pursuit; that the value of the finsf 
sent to the market varies from 15,000 to 18,000 rupees ]k 
that one boat will sometimes capture at a draught as manyij 
as one hundred sliarks of various sizes ; and that the numbe^^' 
total of sharks captured during the year amounts probably td|i 
not less than 40,000. Large quantities are imported frony^ 
the African coast and the Arabian Gulf, and various ports oi^ 
the coast of India. In the year 1845-46, 8770 cwt. of shark?' 
fins were exported from Bombay to China. 


First Family — Carchariid.e. 

Eye with a nictitating membrane. Month creseent-shaped)^ 
inferior. Anal fin present. Two dorsal fins, the first opposit^^ 
to the space hetween pectoral and ventral fins, without spine in ^ 
front. f 

A 

Carcharias. Snout produced in the longitudinal axis of th^r 
body ; mouth armed with a series of large flat triangular teeth^ 
y^hich have a smooth cutting or serrated edge. Spiracles absenti 
A transverse pit on the back of the tail, at the root of th4 
caudal fia ^ 

^ This g&us comprises the true Sharks, common in^ th0 
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' tropical, hnt less so in the temperate seas. Between thirty 
and forty different species have been distiuguislied, of which 



Fig. n2.~nentitio„ of tl.e Blue Sh.ark (Curd, gkaueud • 
tne single teeth are of the natural size. 


f/Wr « the “Blue Slinik ” (CWianas 

verv twelve to fifteen feet are of 

much 17“'"-”''"™"“’’’"' ^ 

of this J'i^hes 

are not Ifemipristis) 

are not uncommon in the chalk and tertiary formations. 

iaudll fit ^ xto "““t “f the 

^hemattheenrofX atinr 

^ Three apecies. of which one (<?, is ^onfined'to 
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the arctic and sub-arctic oceans. The others inhabit tem- 
perate and tropical seas, and all attain to a very large size. 

Galeus. — Snout produced in the longitudinal axis of the 
body ; teeth equal in both jaws, rather small, flat, triangular, 
oblique, serrated and with a notch. Spiracles small. No pit at 
the commencement of the caudal fin, which has a single notch 
on its lower margin. 

These are small sharks, commonly called “ Tope.” The 
species found on the British coast is spread over nearly all 
the temperate and tropical seas, and is common in Cali- 
fornia and Tasmania. It lives on the bottom, and is very 
troublesome to fishermen by constantly taking away bait or 
driving away the fishes which they desire to catch. 

Zygjina. The anterior part of the head is bro.ad, flattened, 

and produced into a lobe on each side, the extremity of which is 
occupied by the eye. Caudal fin with a single notch at its lower 
margin. A pit at the root of the caudal fin. Spiracles nonet 
Nostrils situated on the front edge of the head. 

The “ Hammerheads,” or Hammerheaded Sharks, have a 
dentition very similar to that of CciTchdrias, and although 
they do not attain to the same large size, they belong, 
to the most formidable fishes of the ocean. The peculiarl 
form of their head is quite unique among fishes; yound 
examples have the lateral extension of the skull much lesJ 
developed than adults. Five species are known, wliich are! 
most abundant in the tropics. By far the most commoji la 
ZygoeTM malleus, which occurs in nearly all tropical and sub/ 
tropical seas. Specimens of this species may be often see^ 
ascending from the clear blue depths of the ocean like VA 
great cloud. Cantor found in a female, nearly 11 feet long> 
thirty-seven embryons. — Hammerheads have lived from the 
’ ctetaceous epoch. j 

MusTEtua — ^The second dorsal fin is not much smaller than| 
th6 tot. No pit at the root of the caudal, which is without 
?afejdqct lower lobe. Snout produced in the longitudinal axw) 
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fusps, arranged like pavemeit. ’ indistinct 

IPf all the tempmtelVtroitllT^^^^ 

a most singX f 

veloped in the ntemo f ^.^ placenta js de- 

M- (ti» iwj, xZ, or “’tr", ;'” 

J.S aJmdy k„„„„, , o,u,oi t,,„ „„bn-„;, “f'jf "!' , '“ '■"^ 

developed without 7 ^ are 

AL wss'.;:!;;ir" ^z:t -'r *""■• "^'>'’“'“"- 

« pri,.ciHiy „„ shd,.;o™Ltr'T; 

animal substances. ’ decomposing 
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Second Family— Lamnid^. 

All fi n 1 , . '•^njciim. Spiracles absent or minute 

re t: ^Llf- and 

peia^ic. iiut httle is known of their reproduction TLo 
rst appearance of this family is indicated^bv P ^ 
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from teeth only, have been considered generically distiiic'^ 
from the living Porbeagles. 

Lamna (Oxyrhina). — The second dorsal and anal are very small. 
A pit at the root of the caudal, which has the lower lobe much 
developed. Side of the tail with a prominent 
longitudinal keel. Mouth wide. Teeth large, 
lanceolate, not serrated, sometimes 'with addi- 
tional . basal cusps. On each side of the uppei 
Fig. 113. — Upper and jaw, at some distance from the symphysis, then 
lower tooth of Lanina, -g teeth conspicuously smallei 

than the others. Gill-openings very wide. Spiracles minute. 

Of the '' Porbeagles,” three species have been described 
of which the one occurring in the North Atlantic, and tre 
quently straying to the British coasts (Z. corivuhica), is besi 
known. It attains to a length of ten feet, and feeds chieflj 
on fishes ; its lanceolate teeth are not adapted for cutting 
but rather for seizing and holc^ng its prey, which it appear: 
to swallow whole. According to Pennant it is viviparous 
only two enibryoes were found in the female which cam^ 
under his observation. Haast has found this species also oi 
the coast of New Zealand. 

Carcharodon. — The second dorsal and anal are very smal 
Pit at the root of the caudal, which has the lower lobe well d( 
veloped. Side of the tail with a prominent longitudinal kee 
Mouth wide. Teeth large, flat, erect, regularly triangular, se: 
rated. On each side of the upper jaw, at some distance from th 
symphysis, there is one or two teeth conspicuously smaller tha 
the others. Gill-openings wide. 

One species only is known (G. Tojidclctii)) which is th 
inost formidable of all Sharks. It is strictly pelagic ; an 
appears to occur in all tropical and sub tropical seas. ] 
;is known to attain to a length of 40 feet. The tooth figure 
of the' natural size, is taken from a jaw 20 inches wij 
in i^.tmnsverse diameter (inside measure), each half of lil 
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The whole length of the 


^aandible measuring 22 inches.^ 
fish was 36} feet. 

Carcharodon teetli are of v« 
various tertiary strata, an, J occurrence in 

fiave been referred to se;-eral 
species, affording ample evi- 
dence that this type was nmcb 
more numerously represented 
m that geological epoch than 

m the recent fauna. Some 
mdividuals attained to an 
mnnense sme, as we may 
jndge from tectli found in 
the Crag, which are 4 inches 
wide at the base, and 5 inches 
ong, measured along their 
lateral margin. Thenatural- 
mts of the “Challenger” expe-’ oi 0 ..., 

fhtion have made the hird,lv ; * • 

of similar sfoe are of com!^./?"^^"^'" ffi«t teeth 

lacific, between Polynesia and 
As we have no record of livi‘ indi'' TT 
y been observed, the o.i..i„riv of that bulk hav- 

^elonged must inave bec^C ^xtinr: -tfo 
recent period. Nothincr is kno.v comparatively 

md reproduction of the survivin" ‘'matomy, habits, 

aunty should be lost of obtai ' mid no oppor- 

han the first dorsal. No pit at7l ®“aller 

;e w «tho„. to,. 
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Alopecias. — The second dorsal and anal very small. Caudal 
fin of extraordinary length, with a pit at its root. • No keel on 
the side of the tail. Mouth and gill-openings of moderate width. 
Teeth equal in both jaws, of moderate size, flat, triangular, not 
serrated. 

This genus consists of one species only, which is known 
by the name of ‘‘Fox-shark” or “Thresher.” It is the most 
commdn of the larger kinds of Sharks which occur on the 
British coasts; and seems to be equally common in other 
parts of the Atlantic and Mediterranean, as well as on the 
coasts of California and New Zealand. It attains to a length 
• of fifteen feet, of which the tail takes more than one half ; 
and is quite harmless to man. It follows the shoals of Her- 
rings, Pilchards, and Si:)rats in their migrations, destroying 
incredible numbers. When feeding it uses the long tail in 
splashing the surface of the water, whilst it swims in gradu- 
ally decreasing circles round a shoal of fishes, which are thus 
kept crowded together, falling an easy prey to their enemy. 
Statements that it has been seen to attack Whales and other 
large Cetaceans, rest upon erroneous observations. 


Selaciie. — The second dorsal and anal very small. A pit at 
the root of the caudal fin, which is provided with a lower lobe. 
Side of the tail with a keel. Gill-openings extremely wide. Teeth 
very small, numerous, conical, without serrature or lateral cusps. 


Also this genus consists of one species only, the “ Basking 
Shark ” (Pdlerin of the French). It is the largest Shark of 
the North Atlantic, growing to a length of more than thirty 
feet. It is quite harmless if not attacked ; its food consisting 


of small fishes, and other small marine animals swimming in 


y ‘shoals. On the west coast of Ireland it is chased for the sake 
;,Of the oil which is extracted from the liver, one fish yielding 
;;?? Jrom a ton to a ton and a-half. Its capture is not unattendp^ > 


f^fcwith danger, as one blow from the enormously strong tj ilf 


|;4fsu1®cient to stave in the sides of a large boat, kti ceyt 
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. NoTm„„s.-Denlitio„ i„ fc j„, , 

jawone or two pair, of awl-shaped tooth, the following sii toL 
broader, and provided with sovetd cosps, one of wh^h J „”h 
the s ronge. lower jaw with si* large con.b-like teeth o„“Lt 
Side, beside tlie smaller posterior teetli. Sjiiracles small on th 
stde of the .eok. N„ t‘h t , 7 ? ' “c 

op»n„gs wtde, si* ... i., ffe,„.r,„,., 30*0.. 

Foiir species are known, distributed over nearly all the 
lopical and sub-tropical seas ; they attain to a Icngtli of 
about fifteen feet. Fossil teeth belongino. to this type have 

been found in Jurassic and later formations (Mtidamts and 
Aeuoj)os). 

IKTII rA:\IILY — ScYLLIIDiE. 

I Tioo dorsal fi7is, without spine: the first ahove or hchirul 
tU ventra s; anal Jin present. Ab nidUafinu membrane. 
Spzmcleahoaysdistind. Mouth injerior. Teeth small, several 
series gencrcdly Icing in funetion. 

of tST:h7r::,.dti:f " 7 .“' "'“r "'™“ 

ntenth. Teeth ™al,, 

one or two small lateral ei.sps .anmiged in ....morons soriea Egi 

Similar to those of the Itays (Fig’. 79, p 167) ^ 

The fishes of this genus are of small size, and commonly 
called “ Dog-fi,shes.” They arc coast fishes, living on the 
bottom, and feeding on Crusta,ceans, dead fishes, etc. None 
of the eight species known have a very wide distribution but 
where they occur they are generally sufficiently abundant to 
prove troublesome to fishemen. They inhabit most parts of 
the temperate and tropical seas. On the British coasts two 
species are found, the “ Larger” and “ Lesser spotted Dog-fish ” 
Seylhum eanieula and Seyllium eatulus. which, are said to be 
more plentiful among the Orkney Islands than elsewhere 
■they are scarcely ever brought to market ; but the fishermen 
0 some localities do not disdain to eat them. Their flAsK i« 
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remarkably white, a little fibrous, and dry. In the Orkneys 

for Totl “ 1 T T'‘o ore usej 

or sniootl „8 ,W„ cloncl-wort II ,vo„M le u-o,lh while 

to apply the fine of these ami other Sharks, wl.ich’ are so 

extensively nseil i„ Chin., for .nakina »„latin so,™ fotl “ 

toXE°“; T77'^’ *■” 

and those of tl ir °i '' Kos-hshcs arc spotted, 

very iiandsoniely oriiaineiitecl 

Closely allied to Scjllinm is Prisliuns. !„m tho coasts 
o tape, winch is provided with a series of s, nail,,., spTnel 
1^1, Side of the upper olge of the enudal fin 

« io «>e Uss and 

Ik . Soylhoba. 1 abmcyllinm, Ikydlim, Pml.uinis. 

minufo.„db.hi„d tL .V 7'-’ tad. 

front of the moath, e“C prid:d"\r!.'Z‘'”f''r- 

S'foeJUaifrl.*"" 

;::i j SS “HSifS 

niost only heing in fnnction, and cadi tooth having a convex 
finely and equally serrated margin {Ndnim). 

Indk^V^'^^' topical parts of the Atlantic and, I 

I;^an Oeeans, attaining to a length of some 12 fe|t 

iiii advanrorir’’^'i^"S-‘^“'''^‘ the 

with the a ™ rlose to the caudaL 

5£!d ? JT'* w ““'Singly long, measuring one-hirt I . 
rtow len^h. Eyes very small, spi^le a. wide ^7/1,1 ' 

“Ofcooool oavitUs eonLMi'l 
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over the mouth, with a free cylindrical cirrhus on each side. 
Teeth small, trilohed, in many series, occupying in both jaws a 
transverse flat sub-quadrangular patch. The fourth and fifth 
gill-openings are close together. 

The single species (Si, tigrinum) for whicli tins genus has 
been formed, is one of the commonest and handsomest sharks 
of the Indian Ocean. Young individuals keep generally close 
to the coasts, whilst the adult, which are from 10 to 15 feet 
long, are not rarely met in the open ocean. The colour is a 
brownish yellow, ornamented with black or brown transverse 
bands, or with snull-coloured rounded spots ; hence this shark 
is frequently mentioned by the names oi Zebra-Shark ” or 
Tiger-Shark.” 

Chiloscyllium. — The first dorsal fin above or behind the ven- 



Fig. 116. — Cliiloscyllium trispeculare, from Nortli- western Australia. 


. trals. Anal fin placed far behind the second dorsal, and very 
close to the caudal. Spiracle very 
distinct, below the eye. Nasal 
and buccal cavities confluent. 

Nasal valve folded, with a cirrhus. 

Teeth small, triangular, with or 
without lateral cusps. The two 
last gill-openings close together. 

“ Dog-fishes,” from the In- 
S|iian Ocean, of small sizje. Four 
sApecies are known, of which 

S*ne, <7*: indicum, is one of the Fig. 117.-Conflnent nasal and buccal 
mjlommonest shore-fishes on the cavities of the same fish. ; 

i region, extending from the southern extremity 
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Crossorhinus. — The first dorsal behind the ventrals, the second 
in advance of the anal, which is very close to the caudal. Tail 
rather short. Eyes small. Spiracle a wide oblique slit, behind 
and below the eye. Nasal and buccal cavities confluent. Head 
broad, flat, with the snout very obtuse ; mouth wide, nearly 
anterior. A free nasal cirrhiis ; sides of the head with skinny 
appendages. Anterior teeth rather large, long and slender, 
without lateral lobes, the lateral tricuspid, smaller, forming a few 
series only. The fourth and fifth gill-openings- close together. 


Three species are known from the Australian and Japanese 
coasts. Jhey are evidently ground-sharks, which lie concealed 
on tlie bottom watching for their prey. In 
accordance with this habit their colour closely 
assimilates that of a rock or stone covered 
with short vegetable and coralline growth — a 
resemblance increased by the frond-like ten- 
tacles on the side of the head. This peculi- 
arity of tlie integuments, which is developed 
in a yet higher degree in Pediculati and 
Lophobranchs, is not met with in any other 
Selachian. 

10 feet. 


These Sharks grow to a length of 


Sixth Family — HY iiODOXTiivE. 

Two dorsal Jins, each vnth a serrated spine. 
Teeth rounded, lonijitMdinaUy striated, with one 
larger, and from two to four smaller lateral 
cusps. Skin covered unth shagreen. 

Extinct. From carboniferous, liassic, and 
triassic formations. Several genera have been ’ 
distinguished ; and if Cladodus belongs to this 
family, it would have been represented even 

of Hybodus sub- 

'■'i X eWastns. , SEVENTH FAMILY — CeSTEACIONTID^, 

memirane. Two dorsal fins, the. firfi 
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1 1 pposite to tJic space hetween pectoral and ventral fins; anal fin 
ymm;;. Nasal cmd huccal cavities confiuent. Teeth obtuse, 
^veral series being in f unction, 

I This family is one of particular interest, because re- 
presentatives of it occur in ^ 
numerous modifications in ( ^ , 

srimary and secondary strata, j ! \ - 

Their dentition is uniformly J 1 ^ j 

idapted for the prehension ( / 
md mastication of crusta- 

ceons and hard-shelled ani- ' ^ 

mals. The fossil forms far 

exceeded in size tlic species ■■ 

of the only surviving genus ; — a.-iws of Port .lacUson Sli.arlc, 

they make tlieir appearance’ 

ivith Cterwptyckius in tlie Devonian ; this is succeeded in 



Fig. 120. —Upper jaw of the same, half natural size. 

b coal-measnres by Psammodus, Chomaiod,uSy Petrodus, 
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UodtiB, PolyrhizoduSy etc.; in the Trias and Chalk by Stroph- 
oduSy AcroduSy ThectoduSy and Ptycho- 
dus. Of the 25 genera known, 22 have 
lived in the periods preceding the| 
Oolitic. 



Fig. 121. — Cocliliodus 
contortus. 


Cestracion (Heterodontus).^/— Each 
dorsal fin armed with a spine in front ; the 
second in advance of the anal. Mouth 
rather narrow. Spiracles small, below the posterior part of 
eye. Gill-openings rather narrow. Dentition similar in bd 
jaws, viz. small obtuse teeth in front, winch in young individua^i 


I 



Fig. 122. — Cestracion galeaiiis, Australia, 
are pointed and provided with from three t6 five cusps. The 
lateral teeth are large, padlike, twice as broad as long, arranged 
in oblique series, one series being formed by much larger teetl 
than those in the other series. 

Four species are known from Japan, Aniboyna, Australia 
the Galapagoes Islands, and California ; none exceed a, lengtl 
of 5 feet. The egg has been figured on p. 168 (Fig. 80). 


Eighth Family — Spixacid/E. 

JVb memhrana nictitans, Tvjo dorml fins ; no anaL MovA 
fiuA slightly arched; a I'ongy deepy straight y ohliqne groove c 
e(0i side of the month. Spiracles present ; gilUopenihgs narr& 
f^^dpral fins not notched at their origin, 

^ ^ ^ itdest representative of this family {Palmspinm 
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occurs at Lyme Eegis ; its skin is granular; each dorsal fiu 
possesses a spme ; the teeth in the jaws are dissimilar — the 
upper being multicuspid, longitudinally ribbed as in Hyhodus, 
the lower sniooth and tricuspid. DrepmKypkorus and Spinax 
primcevus occur in Cretaceous formations of Ennland and the 
Lebanon. 


.Centrina. Eacli dorsal fin with a strong spine. Trunk rather 
(ekvated, trihedral, with a fold of the skin running along each 
|e of the belly. Teeth of the lower jaw erect, triangular, finely 
Crated ; those of the upper slender, conical, forming a group in 
font of the jaw. Spiracles wide, behind the eye. 

One species, Centrina salviani, from the Mediterranean 
pnd neighbouring parts of the Atlantic ; of small size. 

Acanthus. —Each dorsal fiu with a spine. Teeth equal in 
loth jaws, rather small ; their point is so much turned aside 
Aat the inner margin of the tooth forms the cutting edge. 
Spiracles rather wide, immediately behind the eye. 

The two species of “Spiny Dog-fishes,” A. vnljaris and 
A. UainviUii, have a very remarkalde distribution, being 
/found in the temperate seas of the Northern and Southern 
'Hemispheres, but not in the intermediate tropical zone. 
They are of small size, but occur at times in incredible 


[numbers, 20,000 having been taken in one sean on the 
Cornish coast. They do much injuiy to the fishermen by 
cutting their lines and carrying off their hooks. 


I CENTnopiioRUS. — Each dorsal fin with a spine which, however, 

i sometimes so small as to be hidden below the skin. Mouth 
ide. Teeth of the lower jaw with the point more or less in- 
med backwards and outwards. Upper teeth erect, triangular, 
narrow, lanceolate, with a single cusp. Spiracles wide, behind 
6 eye. 

Eight species are known from the southern j^arts of the 
l^uropean seas, and one from the Moluccas; they do ndt 
^P^ear to exceed a length of five feet. Accortfing to ithel, 
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observations of E. P. Wright, some of the species at least live 
at a considerable depth, perhaps at a greater depth than any 
of tlie other known Sharks. Tlie Portuguese fishermen fish 
, for them m 400 or 500 fathoms witli a line of some 600 
fathoms in length. The Sharks caught were specimens of 
Centropliorus coelolcpis, from tliree to four feet long. “ These 
sliarks, as they were hauled into tlie boat, fell down into it 
like so many dead pigs ; there was not the smallest motion of 
their bodies. There can be no reasonable doubt that they 
were inhabitants of the same great depth a.s Hyalonema;’ and 
that, in fact, they were killed by being dragged to the surface 
from the pressure of water under which they lived. The 
deimal productions of some of the sjiecies have a verv peculiar 
form, being leaf-shaped, pedunculate, or ribbed, or provided 
^ with an impression. 

Splvax.— E acli dorsal fin witli a spine. Teeth of the lower 
jaw with the point so much turned aside that the inner margin 
of the tooth forms the cutting edge. Upper teeth erect, each 
with a long-pointed cusp and one or two small ones on each side. 
Spiracles wide, superior, behind the eye. 

Three small species from the Atlantic and the southern 
extremity of America. Cmtroscylliuni is an allied genus 
from the coast of CTreenland. 

ScYMNUs. — Two short dorsal fins without spine, the first at a 
considerable distance from the ventrals. Dermal productions 
uniformly small. Nostrils at the extremity of the snout. Upper 
• teeth small, pointed ; lower much larger, dilated, erect, triangular, 
not very numerous. Spiracles wide. 

A single species, N. licliia, is rather common in the 
Mediterranean and the neighbouring parts of the Atlantic. 

LiBMARGUS.- All the fins small ; two dorsal fins^ without 
, spine, the first at a considerable distance from the ventrals. 

; skin uniformly covered with minute tubercles. Nostrils near 
tha^extremity of the snout. The upp^r teeth small, narrow. 
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conical ; the lower teeth numerous, in several series, the point 



Fig. 123. — Dentition of tlie Greenland Shark. Some teeth are represented 
of the natural size ; those of the lower jaw in three sei ies. 

SO much turned aside that the inner maigin forms a cutting, non- 
serrated edge. Jaws feeble. Spiracles of'moderate width. 

The Greenland Shark’' is an inhabitant of the Arctic 
regions, but rarely straying to the latitudes of great Britain ; 
it grows to a length of about 15 feet, and, although it never 
or but rarely attacks man, is one of the greatest enemies of 
the whale, which is o^ten found with large pieces bitten out 



Fig. 124. — Lioinargus borealis, Greenland Shark. 

of the tail by this Shark. Its voracity is so great that, 
‘according to Scoresby, it is absolutely fearless of the presence 
of man whilst engaged in feeding on the carcase of a whale, 
so that it can be pierced through with a spear or knife with- 
out being driven aw’ay. It is stated to be viviparous, and to 
produce about four young at a birth. 

; Echinorhinus. — Two very small dorsal fins, without spine, 
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the first opposite to the ventrals. Skin with scajttered large 
round tubercles. Nostrils midway between the mouth and the 
»■ end of the snout. Teeth equal in both jaws, very oblique, the 
point being turned outwards ; several strong denticulations on 
each side of the principal point. Spiracles small. 

The “ Spinous Shark ” is readily recognised by the short 
bulky form of its body, short tail, and large spinous tubercles. 
It is evidently a ground-shark, which probably lives at some 
depth and but accidentally comes to the surface. More 
frequently met with in the Mediterranean, it has been found 
several times on the south coast of England, and near the 
Cape of Good Hope. 

Eiqn'otoniicrus and Isistius are two otlier genera of this 
family ; they are pelagic and but little known. 

Ninth Family — Ehinid^. 

No cmal fm ; tivo dorsal Jins, Idpirades present. Pectoral 
Jins large, with the basal portion prolonged forwards, hut not 
grenun to the head. 

Eiiina. Head and body depressed, fiat mouth anterior. 
Gill-openings rather wide, lateral, partly covered by the base of 
the pectoral. Spiracles wide, behind the eyes. Teeth conical, 

‘ pointed, distant. Dorsal fins on the tail? 

The “Angel-fish,” or “Monk-fish” {Pdi. sguatina), ap- 
proaches the Eays as regards general form and habits. With- 
in the temperate and tropical zones it is almost cosmopolitaji, 

. being well known on the coasts of Europe, eastern North 
America, California, Japan, South Australia, etc. ; it does not 
seem to exceed a length of five feet ; it is viviparous, produc- 
ing about twenty young at a. birth. , • 

Extinct forms, closely allied to the “Angel-fish,” are 
,, found in the Oolite, and have been described as Thaumas, 

, The- carboniferous genus, Orthacanthm, may have been allied 
.jto, ',tMs famdy, but it was armed with a spine immediately 
ijbehind the head. 
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Tenth Family — Pristiophorid^e. 

The rostral cartilage is g^'i'oduced into an exceedingly long, i 
fiat lamina, armed along each edge with a scries of teeth (saw). 

These Sharks resemble so much the common Saw-fishes 
as to be easily confounded witli them, but tlieir gill-openings 
are lateral, and not inferior. They are also mucli smallei; in 
size, and a pair of long tentacles are inserted at tlie lower 
side of the saw. The four species known {Fristiophurus) occur 
in the Australian and Japanese seas. 

Sgualoraja, from the Lias, is supposed to have its nearest 
affinities to this fhniily. 

P>. BaTOIDEI — P tAYS. 

In the typical Pays tlie body is excessively depressed, 
and forms, with the expanded pectoral fins, a circular or 
sub-rhomboidal disk, of whicli the slender tail ‘appears as a 
more or less long appendage. In the two families wliicli we 
shall place first {Fristidco and lihinohatida:), the general liabit 
of the body still resembles that of the Sliarks, but the gill-open- 
ings are ventral, as in tlie true Pays ; the anal fin is invariably 
absent, and the dorsal fins, if developed, are placed on the 
tail. The mode of life of those fishes is ({uite in accordance 
with the form of their body. Whilst tlie species with a 
shark-like body and muscular tail swim freely through the 
water, and • are capable of executing rapid and sustained 
motions, the true Pays lead a sedentary life, moving slowly 
^on the bottom, rarely ascending to the surface. Their tail 
nas almost entirely lost the function of an organ of locomo- 
tion, acting in some merely as a rudder. They progress solely 
by means of the pectoral fins, the broad and thin margins of 
,\^hich are set in an undulating motion, entirely identical 
with that of the dorsal and anal fins of the Pleuronectidce, 
)Tiey are exclusively carnivorous, like the Sharks, but unable' 
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to pursue and catch rapidly-moving animals; therefore they 
^ feed chiefly on molluscous and crustaceous animals. How- 
ever, the colour of their integuments assimilates so closely 
that of their surroundings, that other fishes approach them 
near enoiigh to be captured by them. Tlie mouth of Bays 
being entirely at tlie lower surface of the head, the prey is 
not directly seized with the jaws ; but tlie fish darts over its 
victim so as to cover and hold it down with its body, when it 
is conveyed by some rapid motions to tlie mouth. 

Bays do not descend to the same depth as Sharks ; with one 
exception," at least,none have lieeii known to have been caught 
by a dredge worked in more than 100 firthoms. The majority 
are coast fishes, and have a comparatively limited geograpliical 
range, none extending from the northern temperate zone into 
the southern. However, some, if not all the species of the 
family Myliohatida:, Mdiich inolndes the giants of this division 
of Plagiostomes, have a claim of being^ncludod among the 
Pelagic fishes, as they are frequently met with in the open 
ocean at a great distance from the shore. It is probable 
that the occurrence of such individuals in the open sea indi- 
cates the neighbourhood of some bank or other comparatively 
shallow locality. Many species are exclusively confined to 

fresh water, and occur far inland, especially in tropical 
America. 

The majority are oviparous. All have five pairs of gill- , 
openings. The number of known species, is about the smne 
as that of Sharks, viz. 140. 


PiEST Family — Peistid/e. 

Tlie snout is pwdnccd into an emmlinghj long flat lamina, 
anhed until a scries of strong teeth along each edge (saw). 

j Tfijs exception is a Ray obtained during the “ ChaUen<»er ” exnedition 

and said to hare been dredged in 565 fathoms. pedition, 
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Pristis. — Body depressed and elongate, gradually passing into 
the strong and muscular tail. Pectoral fins, with the front 
margins (][uite free, not extending to the head. No tentacles 
below the saw. Teeth in the jaws minute, obtuse. Dorsal fins 
without spine, the first opposite or close to the base of the 
ventrals. 

“ Saw-fishes.” Abundant in tropical, less so in sub-tropi- 
cal seas. They attain to a considerable size, specimens with 
a saw 6 feet long and 1 foot broad at the l)ase not being of 
uncommon occurrence. The saw, which is their weapon of 
attack, renders them most dangerous to almost all the other 
large inhabitants of tlie ocean. Its endo-skeleton consists 
of three, sometimes five, rarely four, hoUow cylindrical tubes, 
placed side by side, tapering towards the end, and incrusted 
with an osseous deposit. These tubes are the rostral processes 
of the cranial cartilage, and exist in all Pays, tliough in them 
they are shorter and much less developed. The teeth of the 
saw are implanted in deep sockets of the hardened integu- 
ment. The teeth proper, with which the jaws are armed, are 
much too small for inflicting wounds or seizing other animals. 
Saw-fishes use this weapon in tearing pieces of flesh off an 
animal’s body or ripping open its abdomen. Tlie detached 
fragments or protruding soft parts are then seized by them 
and swallowed. Five distinct species of Saw-fislies are known. 

Saws of extinct species have been found in thft London 
clay of Sheppey and in the Bagshot sands. 

Second Family — Ehinobatid^. 

Tail strong and long^ with two well-developed dorsal fins^ 
and a longitudinal fold on each side ; caudal developed. Dish, 
not excessively dilated, the rayed portion of the pectoral fins 
not being continued to the snout, 

, ^ , Rhynchobatus. — Dorsal fins without spine, the first opposite / 
to" the ventrals. Caudal fin with the lower lobe well developed. V 
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eeth obtuse, ' granular, ,the dental surfaces of the jaws being; 
ihdulated. 



Fig. 125. — Dentition of llhyiichohatus. 

Two specios, Rh, aucylostoinits and Rh, djcddeusiSf are very 
commoii oil the tropical coasts of the Indian Ocean. They 
feed on hard-shelled animals, and attain scarcely a length of 
8 feet. 


Rhinobatus, — Cranial cartilage produced into a long rostral 
process, the space between the process and pectoral fin being 
filled by a membrane. Teeth obtuse, with an indistinct trans- 
verse ridge. Dorsal fins without spine, both at a great distance 
behind the ventral fins. Caudal fin without lower lobe. 

Numgrous on the coasts of tropical and sub-tropical seas ; 
about twelve species. Trygonorliina is an allied genus from 
South Australia. 

The oolitic genus Spathobatis is scarcely distinct from 
RhinobatuB; and another fossil from Mount Lebanon has 
•been actually referred to this latter genus. Trigorhina from 
l;3Ionte Postale must be placed here. 


Third Family — T oRPEDiNiDiE. 

' ) The trunk is a broad, smooth disk. Tail with a longitudi-^ : 
^ each side ; a rayed dorsal fin is gmerally, and 
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caudal always, present Anterior nasal valves confluent into a 
quadrangular lobe. An electric organ composed of vertical 
hexagon^ prisms between the pectoral Jins and the head. 

Electric Eays.” The electric organs with which these 
fishes are armed are large, Hat, uniforiii bodies, lying one on 
each side of the head, bounded behind by the scapular arch, and 
laterally by the anterior crescentic tips of the pectoral fins. 
They consist of an assemblage of vertical hexagonal prisms, 
whose ends are in contact with the integuments above and 
below ; and each prism is subdivided by delicate transverse 
septa, forming cells, filled with a clear, trembling, jelly-like 
fluid, and lined within by an epithelium of nucleated cor- 
puscles. Between this epithelium and the transverse septa * 
and walls of the prism there is a layer of tissue on which the 
terminations of the nerves and vessels ramify. Hunter 
counted 470 prisms in each battery of Torpedo marmorata, 
and demonstrated the enormous supply of nervous matter 
which they receive. Each organ receives one branch of the 
Trigeminal nerve and four branches of the Ahigus, the former, 
and the three anterior branches of the latter,' being each as 
thick as the spinal chord (electric lobes). The fish gives the 
electric shock voluntarily, when it is excited to do so in self- 
defence or intends to stun or to kill its prey ; but to receive 
the shock the object must complete the galvanic pircuit by 
communicating witli the fish at two distinct points, either 
directly or through the medium of some conducting body. 
If an insulated frog’s leg touches the fish by the end of the 
nerve only, no muscular contractions ensue on the discharge 
of the battery, but a second point of contact immediately 
produces them. It is said that a painful sensation may be 
produced by a discharge conveyed through the medium of a 
stream of water. The electric currents created in these fishes , 
c: exercise all the other known powers of electricity : they>| 
j i^nder the needle magnetic, decompose chemical coihpouhdd^;^ 
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and emit the spark. The dorsal surface of the electric organ 
is positive, the ventral surface negative. 

[The literature on the electric organ of Torpedo is verr extensive. 
Here may he mentioned iM-enzini, “ Osservazioni intorno alle 
Torpedini (1678) ; WaUh, “On the Electric Property of the Tor- 
pedo ” in Philos. Trans., 1773 ; Iliiiitcr, “ Anatomical Observa- 
tions on the Torpedo,” Md. ; Davy, “Observations on the 
Torpedo,” in Philos. Tran.s., 1834 ; Malle, uce,% and Savi, “ Traite 
des Phenomfenes Elcctro-Phy-siologiques,” 1844.] 

Of the genus Torpedo six species are known, distributed 
over the Atkiitic and Indian Oceans ; three of tlieni are rather • 
common in the Mediterranean, and one {T. hcMtanh) reaches 
the south coast of England. They attain to a width of from 
two to tliree feet, and specimens of that size are able to dis- 
able by a single discharge a full-grown man, and, therefore, 
may prove dangerous to bathing persons. Other genera, 
differing from Torpedo in the position and structure of some 
of the fins, are found in other tropical and sub-tropical seas, 
viz. Narcinc, llypnws, Diseopyge (Peru), Adrape, and Temera. 
All, like electric fishes generally, have a naked body. 

A largo fisli, of the general appearance of a Torpedo, has 
been found at Monte Bolca; and Cyclohatifi, from the upper 
cretaceous limestone of Lebanon, is probably another extinct 
representative of this family. 

Eouktii Family — Rajida:. 

Dish broad, rhombic, yenerally with asperities or spines ; 
tad with a longitudinal fold an each side. The, pedoral fins 
extend to the snout. No electric organ; no serrated caudal 
spine, 

' . Raja. — Two dorsal fins on the tail, without spine ; tail v^ith 
: a rudimentary caudal fin, or without caudal. Each ventral fin 
.' divided into two by a deep notch. • Teeth small, obtuse, or 
’Ij^inted. Pectoral fins not extending forwards to the extremity 
snout. Nasal valves separated in the middle, where they 
M^ithout a f^e margin (see Fig. 1, p. 34). 
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Of all the genera of BcUoidei,' Hays have the widest 
geographical range ; they are chiefly inhabitants' of temperate 



Fig. 126. — Raja leiiiprieri, from Tasmania. 

seas, and much more numerous in those of the Northern than 
of the Southern Hemisphere. They advance more closely to 
the Arctic and Antarctic circles than any other memher of 
this group. More than tliirty species are 
known, of which the following are found on 
the British coast : — Tlie Thornback (li. da- 
vata), tlie Homelyn Bay {E. maculaia)^ the <' 

Starry Bay {E. radiata), the Sandy Bay {E.^ 
circidaris), the common Skate {E, hatis), tlic 
Burton Skate {E, mar(jinata)y and the Shagreen 
Skate {E. fullonica). Some of these species, 
especially the Skates, attain a considerable size, ^ 

the disk measuring six and even seven feet Thornback, Raja 
across. All are eatable, and some of them ^lavata. 
regularly brought to market. In the majority of the species 
peculiar sexual differences have been observed. In some> 
as in the Thornback, all or some of the teeth are pointed in 
the male sex, whilst they are obtuse and flat in the female. 
The males of all are armed with patches of claw-like spines^; 
^.retractile in grooves of the integument, and serially arrange^^ 
^occupying a space on the upper side of the pectoral 
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near the angle of the disk, and frequently also the sides 
of the head. In species which are armed with bucklers or 
asperities it is the female which is principally provided with 
these dermal productions, the male being entirely or nearly 
smooth. Also the colour is frequently different in the two sexes. 

Other genera of this family are Fsammohatis, Sytnptcrygia, 
and Although probably this family was well re- 

presented in cretaceous and tertiary formations, the remains 
found hitherto are conqiaratively few. Arthroptcrus, from t le 
Lias, seems to have been a true Ray ; and dermal spines of a 
species allied to the Thornback (PiyVi antiqua) are abundant 
in the crag deposits of Suffolk and Norfolk. 

Fifth Family— Trygoxtd.e. 

The pectoral fins are uninterruptedly continued to, and con- 
fluent at, the extremity of the snout. Tail long and slender, 
without lateral longiliulinal folds ; vertical fins none, or vm- 
perfectly developed, often replaced hy a strong serrated spine. 

The “ Sting-Rays ” are as numerous as the Rays proper, 
but they inhabit rather tropical tlian temperate seas. The 
species armed with a spine use it as a weapon of defence, 
and the wounds inflicted by it are, to man, extremely painful, 
and have frequently occasioned the loss of a limb. We have 
mentioned above (p. 190) that the danger arises from the 
lacerated nature of the wound as well as from the poisonous 
property of the mucus inoculated. The spines (Fig. 9 , p. 
190) are always barbed on the sides, and may be eight or nine 
inches long in the larger species. They are shed from time 
ito time, and replaced by others growing behind the one m 
li^ction, as the teeth of the fishes of this order, or as the 
f fe.h ga of a poisonous snake, lossil species of Tiygon am 
^^svlophus occur in the tertiary strata of Monte Rolca and 
^||?¥if».,ip. 08 tale. The genera into which the various species 
diyided are the following : 
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Urogymnus. Tail long, without fin or spine, sometimes with 
a; narrow cutaneous fold below. Body densely covered with 
osseous tubercles. Teeth flattened. 

Only one species is known (f/. ctsjicrrimuft), coiD.io.oii in 
the Indian Ocean, and with a body Iroin 4 to .5 feet longj 
the skin is frequently used for covering shields and the handles 
of swords and other weapons, its rough surface oftering a 
firm hold to the hand. 

Trygon. — Tail very long, tapering, armed with a long arrow- 
shaped barbed spine. Body smooth or witli tubercles. Nasal 
valves coalescent into a quadrangular flap. Teeth flattened. 

Some twenty-five species are known, one of which {T. 
joastinaca) extends from the south coast of England' and the 
east coast of North America through the Atlantic and Indian 
Ocean to Japan. ■ The majority of the species belong to the 
tropical parts of the Indian and Atlantic Oceans; some 
inhabit exclusively fresh-waters of eastern tropical America. 
A closely allied genus is Twniura, with six species. 

Urolophus. — Tail of moderate length, with a distinct rayed 



! Fig. 128. — Urolophus cruciatus, from Australia. . : 

. ^rminal fin, armed with a barbed spine, without or with 
|ttdiinentary dorsal fin. Teeth flattened. 

Seven species from tropical seas, apparently of smaU ^|| 
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Pteroplatea. — Body at least twice as broad as long; tail very 
short and thin, without or with a rudimentary fin, and with a 
serrated spine. Teeth very small, uni- or tri-cuspid. 

Six species from temperate and tropical seas. 

Sixth Family — Myliobatidti^. 

The disk is very hroad, in consequence of the great develop- 
ment of the pi(^ctoral fins, ivhieh, however, leave the sides of the 
head free, and. reappear at the extremity of the sno%it as a 
pair of detached {cephalic) fins. Viviparous. 

“Devil-fishes,” “Sea-devils,” or “Eagle-rays.” Generally 
of large size, inhabiting temperate and tropical seas. Some 
genera possess a pair of singular cephalic processes, which 
generally project in a direction parallel to the longitudinal axis 
of the body, but are said to be flexible in the living fish, and 
used for scooping food from the bottom and conveying it to the 
inouth. In all the species the dentition consists of perfectly 
flat molars, forming a kind of mosaic pavement in both the 
upper and lower jaws : a most perfect mechanical arrange- 
ment for crushing alimentary substances. 

MyliobATIS. — Teeth sexangular, large, flat, tessellated, those 
in the middle much broader than long ; several narrower series on 



Fig. 129. — Jaws of an Eagle-Ray, Myliohdtis aquila. 
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each side. Tail very long and thin, with a dorsal fin near its 
root ; generally a serrated spine behind the fin. 

Seven species are known, two of which are European, one 
{M. aquila) being almost cosmopolitan, and occasionally 
found on the llritish coast. The young differ much from 
the adult, having no median series of larger teetli, hut all the 
teeth of equal size and regularly sexangular. Also tlie tail is 
much longer in young examples than in old ones, and the 
coloration more ornamental. Teeth of species very closely 
allied to, or perhaps even identical with, existing species, are 
found in tertiary formations. 

Aetobatis. — Form of the head, l)ody, and tail as in MyJiobatis. 
The nasal valves remain separate, each forming a long Hap. The 
lower dental lamina projects beyond the upper. Teeth flat, 
broad, forming a single series, equivalent to the median series of 
MyliobatiSf there being no small lateral teeth. 



Fig. 130. — Aetobatis iiariuari. 


One species only (A, namnari) which is found in almost 
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all tropical seas, and of exceedingly common occurrence in 
the Atlantic and Indian Oceans ; it 
does not seem to grow to a very large 
size (perhaps not exceeding 5 feet in 
width), and is readily recognised by 
numerous round bluish-white spots, 
with which the back is ornamented. 
Fossils of tliis genus occur in the 
Fig 131 -Aeiobatis subai- English Eoceiies and the Swiss Molasse 

cuatus, from Bracklesham. 

Nasal valves confluent into a broad flap, with free margin Teeth 
broad, flat, tessellated, in five or more series, the middle bein- the 
broadest, and the others decreasing in widtli outwards “xail 
very slender, with a dorsal fin before the serrated spine 

^ Seven species from tropical and sub-tropical seas’ are 
known; of Mhinoptcra 
polyodou nothing is known 
oxcept the jaws ; and 
ns its dentition is very 
peculiar, no opportu- 
nity should be lost of 
obtaining and preserving 
entire animals. Teeth 
very similar to those of 
. existing species, and de- 
scribed as Zygohatifi, oc- 




-^^Rhinoptera 
i;; fossil.. 


Lower Jftw, 

13^. T--Rhinoptiira polyodo^n^ 
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cur ill the Norwich Crag and in Miocene formations of 
Switzerland. 

_ ^ Dicerobatis (Cephaloptera). — Cephalic appendages point- 
ing straight forwards or inwards. Nostrils widely separated from 
each other. Mouth inferior, wide. Both jaws with very nume- 
rous and very small flat or tubercular teeth. Tail very slender, 
with a dorsal fin between the ventrals, and with or without a 
serrated sjiine. 

Ceratoptera. — Cephalic appendages pointing forwards or in- 
wards. Mouth anterior j wide. Teeth in the lower jaw only, 
very small. Tail very slender, with a dorsal fin between the 
ventrals and without spine. 

The species of these two last genera are not yet well dis- 
tinguished ; about five of JJicerohatis and two of Oemtoptera 



are known from tropical and temperate seas, but their occur- 
rence in the latter is rather sporadic. Some of them,^if not 
^11, ^attain an enormous size. One mentioned by Eisso, taken 
off Messina, weighed 1250 pounds. Several observers speak 
of Jiaving seen them in pairs, tlie male being usually the ' 
smaller. Of a pair mentioned by Eisso the female was first s 
takin, and the male xemained hovering about the boat forT 
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three days, and was afterwards found floating dead on the 
. surface. Still larger individuals, but of uncertain species, 
are mentioned by LacdpMe, who says that one taken at Bar- 
badoes' required seven yoke of oxen to draw it. A sketch of 
another, which was said to be twenty feet long, was sent to 
Laciipede ; and Sonnini speaks of one which appeared to him 
to he longer and wider than tlie ship in which he was sailing. 
A foetus taken from the uterus of tlie mother captured at 
Jamaica, and preserved in the British Museum, is five feet 
broad, and weighed twenty pounds. Tlie mother measured 
fitteen feet in width as w^ell as in lengtli, and was between 
three and four feet thick. Tlie capture of “ Devil-fishes ” of 
such large size is attended with danger, as they not rarely 
attack and capsize the boat. They are said to be especially 
dangerous when they accompany their young, of which they 
bring forth one only at a time. 

SECOND SUB-ORDER— HOLOCEPHALA. 

One external gill-opening only, covered hy a fold of tlie shin, 
which encloses a rudimentary cartilaginous gill-cover; four 
hranchial clefts within the gill-cavity. The maxillary and 
palatal apparatus coalcscent with the shull. 

This sub-order is represented in the living fauna by one 
family only, Chinmridcc ; it forms a passage to the following 
order of fishes, the Ganoids. In external appearance, and 
with regard to the structure of their organs of propagation, 

_ the Cfeimairas are Sharks (See Fig. 96, p. 184). The males 
are provided with “claspers” in connection with the ventral 
fins, and the ova are large, encased in a horny capsule,. and 
few in number; and there is no doubt that they are impreg-, 
(. hat^d within the oviduct, as in Sharks. Chimseras are naked, 
^jhdVas in very young individuals possess a series of 
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small ^‘placoid^’ spines, which occupy the median line of the 
back, and remind us of similar dermal productions in the 
Eays. The males, besides, are provided witli a singular erectile 
appendage, spiny at its extremity, and received in a groove 
on the top of the head. On the otlier hand, the relations of 
the Chima3ras to the CTanoid, and, more especially, Dipnoous 
type become manifest in their notochordal skeleton and con- 
tinuity of cranial cartilage. The spine in front of the first 
dorsal fin is articulated to the neural apophysis, and not merely 
implanted in the soft parts, and immovable as in Sharlvs. A 
cartilaginous operculum makes its appearance, and the 
external gill-opening is single. The dentition is that of a 
Dipnoid, each ‘\jaw ” being armed witli a pair of broad dental 
plates, with the addition of a pair of smaller cutting teeth in 
the upper “jaw.” Fossils of similar dental combination are not 
rare in strata, commencing from the Lias and the l)ottom of 
the Oolitic series ; but it is impossible to decide in every case 
• whether the fossil should be referred to tlie Holocephalous or 
. Dipnoous type. According to ISTewberry, Chiimeroid fislies 
comUience in the Devonian with llhynchoduH, the remains 
A of which were discovered by him in Devonian rocks of Ohio. 
Undoubted Chimocroids are Elasraodtcs, Fsaliodus, GanoditSy 
Ischyodus, Edaiulwdon, and Elasmognatlmi,% principally frojn 
mesozoic and tertiary formations. Very similar fossils occur 
in the corresponding strata of North America. A single 
species of Callorhynclms has been discovered by H. Hector 
in the Lower Greensand of New Zealand. 

The living Chima3ras are few in number, and remain 
within very moderate dimensions, probably not exceeding a 
length of five feet, inclusive of their long filamentous, diphy- 
cereal tail. They are referred to two genera. 

: CniMiERA. — Snout soft, prominent, without appendage. The 
, doiBal fins occupying the greater part of the back, anterior with . ' 
^ strong and long spine. Longitudinal axis of the tail nearly 
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the same as that of the trunk, its extremity being provided with 
a low fin above and below, similar in form to a dorsal and anal 
fin. Anal fin very low. 

Three species are known : Ch. monstrosa, from the coasts 
of Europe ‘and Japan and the Cape of Good Hope; Ch, colliei 
from the west coast of North America ; and Ch, affinis from 
the coast of Portugal. (See Fig. 9G, p. 184.) 

Callorhynchus. — Snout with a cartilaginous prominence, 
terminating in a cutaneous flap. Two dorsal fins, the anterior with 
a very strong and long spine. Extremity of the tail distinctly 
turned upwards, with a fin along its lower edge, but without one 
above. Anal fin close to the caudal, short and deep. 

One species {C, antarcticus) is common in the Southern 
temperate zone. Cunningham describes the egg (see Fig. 81, 
p. 169), as being of a dark greenish-l;)lack colour, and, in 
general, measuring from eight to nine or even ten inches ir; 
length, by about three in breadtli. It consists of a central 
somewhat spindle-shaped convex area (between the horny 
walls of wdiich the young fish lies), surrounded by a broaci 
plicated margin, which is fringed at the edge, and covered on 
the under surface with fine light brownish-yellow hairs. 

SECOND ORDER— GANOIDEI. 

Skeleton eartilaginous or ossified. Body vnth medial and 
paired fins, the Jmider pair abdominal. Gills free, rarely 
partially attached to the tualls of the gill-cavity. One external 
gill-opening only on each side; a gill-cover, Air-hladder with 
ia pneumatic duct. Ova small, impregnated after exclusion. 
Embryo sometimes with external gills. 

) To this order belong the majority of the fossil fish re- 
^ of palaeozoic and mesozoic age, whilst it is very 

l^^ntily represented in the recent fauna, and evidently verging 
|ifcp^^ds total extinction. The knowledge of the fossil forins/ 
llblaed on mere fragments of the hard parts of the body . only! 
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IS V0ry incomplGto, S/iid. tliBrcfor© thsir clcissificfttioii is in sx 
most uiiStitisfactory state. In the following p^ges only the 
most important groups will be mentioned. 

; [For a study of details we have to refer to AgasHiz, “ l^ois^ons Fossiles • ” 
Owe7i, “Palaeontology,” Edinh. 1861, 8vo ; HuAnj, “ Preliminaiy 
Essay upon the Systematic Arrangement of the Fishes of .the 
Devonian Epoch,” in Mean. Gcolog. Survey, Dec. 10 ; Loud. 1861, 
and “ Illustrations of the Structure of Crossopterygian Ganoids” 
ibid. December 12, 1866 ; Traqimir, “ Tlie Ganoids of the British 
^ Carboniferous formations,” part I. “ Paheoniscidie.” PaheontosTr 
Soc. Lond. 1877.] ” ’ 

' Eight sub-orders may be distinguished at present. • 


FIRST SUB-ORDER— PLACODERMI. 

Extinct, The hccui ctmi 'pcctoval Tcyioii oj the hody encased 
m great long, sculptured plates, with dots of enamel ; the re- 
'^ainder of the hody naked, or vnth ganoid scales ; skeleton 
motochordaL 

y Comprises the oldest vertebrate remains, from Devonian 
and Carboniferous formations. Fteriehtkys : (Figs. 135 and. 
136), tail tapering, covered with small ganoid scales, without 
caudal fin ; the cephalic shield was probably moveably joined 
to the cuirass of the trunk, and both were composed of several 
pieces ; the abdominal shield consisted of one single median 
plate, and two pairs of lateral plates, a third small pair being 
^sometimes observed detached in front of the anterior pair ; 
pectoral exceedingly long, consisting of two pieces movably 
connected with each otlier; tail scaly, and short; a small 
dorsal fin placed on the tail; a pair of small ventrals; 
jaws small, with confluent denticles. Several species have 
been distinguished in remains found in the strata of Caith- . 
/Siess and other localities in Scotland. Coecosteus (Fig. 137, 
;;P. 354) : all the bony plates are firmly united, no pectoral^ 
spines ; tail naked and long ; a dorsal and anal fin 
j,pbrted""by interneural and interhE^mal spines. Dentitio&| 



unknown. Dinichthys : a gigantic fish front the Devonian 
of North America (estimated at from 15 to 18 feet in length), 


2 



jft V 

Fig. 135.— Dorsal surface of Ptericlithys, after Pander, d, Dorsal fin ; c, ' 

^ pectoral member ; 2-10, head-bucklers ; 11-13, doraal bucklers. 

covering very similar to that of Cocco- 
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_ steus, but with a simple .arched dorsal shield. As in this 
• latter genus the caudal extremity does not possess external 
,oi‘ internal bony parts, and the ventral plastron of both 
genera corresponds in every particular; tlie dentition is so 



Fig. 136.— Ventral aspect of Ptericlithys, after Pander. 15, mandible (?) ; 

16-21, ventral bucklers. 

singularly like that of Lepidosireii, that Newberry (Geolog. 
Survey of Ohio, vol. ii. part 2) considers this genus to be in^ 

< genetic relation to the Dipnoi. The following genera have 
been united in a separate family, Cephal^pidce ; viz. Ge'plwl* \\ 



354 


FISHES. 


aspis: head covered by a continuous shield with tubercular 




surface, produced into a 
horn at each posterior 
corner; a median dorsal 
backward prolongation 
bears a sj)ine ; hetero- 
cercal. Auclmia^pis and 
Didymasi^is : allied to the 
preceding, but with the 
cephalic shield divided 
into a larger anterior and 
smaller posterior piece. 
rtcraspis: with the ceph- 
alic shield finely striated 
or grooved, composed of 
seven pieces. Scaplmspis 
and Cyatliaspis: with the 
surface of the head-shield 
similarly sculptured as in 
Pterasjpis, but simple in 
the former, and composed 
of four j)ieces in the latter. 
Astrolqns: attained to the 
gigantic size of between 
twenty and thirty feet; 
its mouth was furnished 
with two rows of teeth, 
of which the outer ones 
were small, the inner 
much larger. 

[See Ray Lankester, A, 
Monograph of the Fishes 
•of the Old Red Sandstone 
of Britain. Part I. Ceph- 
alaspidse. Lond. 1868 
and 1870. 4to.] 
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SECOND SUB-ORDER — ACANTHODINI. 

Extinct. Body ollomj, compressed, covered with slutgreen ; 
skull not ossified; caudal hctcroccrcal. Large spines, similar 
to those ^ of Chondroptcrygia.ns, in front of some of the median 
and paired fins. The .spines arc imbedded hef wecn the muscles, 
<ind not provided with a proximal joint, 

Acanthodes, Chiracanthus, from Devonian and Carbonifer- 
ous formations. 

THIRD SUB-ORDER — DIPNOI. 

^ Mstrils two pairs, more or less within the mouth ; limbs 
with an axial skeleton. Lungs and gills. Skeleton noto- 
chordal. No hrancliiostexjals} 

Fikst Family — Sikenidj:. 

Caudal fin diphycercal ; no gular plates ; scales cycloid. A 
Lair of molars, above and below, and one pair of vomerine teeth. 

Lepidosiren. Body eel-sliapod, with one continuous vertical 
fin. Limbs reduced to cylindrical filaments, without fringe. 

omerine teeth conical, pointed. Each dental lamina or molar 
with strong cusps, supported by vertical ridges. No external 
branchial appendages ; five branchial arches, with four interven- 
ing clefts. Conus arteriosus with two longitudinal valves. 
Ovaries closed sacs. 

One species only is known from the system of the River 
Amazons (Z. paradoxa). It must be very locally distributed, 
as but a few specimens have been brought to Europe, and all 
recent endeavours to obtain others have been unsuccessful. 
Hatterer, by whom this most interesting fish was discovered, 
states that he obtained two specimens, one on the Madeira 
Eiver, near Borba ; the other in a backwater of the Amazons, . 
aboye Villa Nova. The natives of the former place called it 
Caiamuni, and considered it very scarce. The larger indivi- ' 
' See pp. 73 and 74, Figs. 35 and 36. 
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dual was nearly four feet long. It is said to produce a sound 
not unlite that of a cat, and to feed on tlie roots of mandioca 
and other vegetables. But, to judge from the dentition, this 
fish is much more likely to he carnivorous, like the following. 
It is one of the greatest desiderata of Natural History Col- 

lections. . > * i 

[Natterer, “Annalou dos Wiener Museum’s,” 1839, ii. ; Bisclioff. “ Annales 
des Sciences Naturclles,” 1840. xiv.] 

Protoptercs.— Very similar in the general form of the body 
and dentition to Lepidosiren. Pectoral and ventral filaments with 
a fringe containing rays. Three small branchial appendages above 
the small gill-opening ; six branchial arches, with five intervening 
clefts. Conus arteriosus with two longitudinal valves. Ovaries 

closed sacs. 

Protopteriis anncctcns is the “ Lepidosiren” which is com- 
monly found ill Zoological collections. It is usually imported 



Fig. 138. — Protoptevus aiinectens. ■ g, Branchial lilaiiients , v, vent. 


from the west coast of Africa, where it abounds m many 
localities ; but it is spread over the whole ot tropical Africa, 
and forms in many districts of the central parts a regular 
article of food. 

During the dry season, specimens living in . shallow 
waters which periodically dry up, form a cavity in the mud, 
the inside of which they line with a protecting capsule of 
mucus, and from which they emerge again when the rams 
refill the pools iidiabited by them. Whilst they remain in 
this torpid state of existence, the clay-balls containing them 
i are frequently dug out, and if the capsules are not broken, 
the fishes imbedded in them can be transported to Europe, 
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and released by being immersed in slightly tepid water. 
Protopteriis is exclusively carnivorous, feeding on water- 
insects, frogs, and fishes, and attains a length of six feet. 
[Owen, “Trans. Linn. Soc.” 1841, xviii.] 

Ceratodus. — Body elongate, compressed, with one continuous 
Vertical fin. Limbs paddle-shaped, with broad, rayed fringe. 
Vomerine teeth incisor-like; molars with flat, nndulated surface, 
and lateral prongs. No external branchial appendages. Conus 
arteriosus with transverse series of valves. Ovaries transversely 
laniellated.i 



Two species, C, forsteri and C, viiolcpis, are known from 
fresh waters of (^)ueensland. The specimens hitherto obtained 
have coine from the Burnett, Dawson, and Mary rivers, some 
from the fresh waters of the upper parts, others from the lower 
brackish portions. The fish is said to attain to a weight of 
twenty pounds and to a length of 6 feet. Locally, the settlers 
call it Elat-head,” '' Burnett- or Dawson-Salmon,” and the 
aborigines Barramunda,” a name which they appear to apply 
also to other large-scaled freshwater fishes, as the Osteoglos- 
sum leichardti. In the stomach there is generally found an 
enormous cpiantity of the leaves of plants growing on the 
banks of rivers, evidently eaten after they had fallen into 
the water and when in a decomposing condition. The flesh 
of the fish is salmon-coloured, and much esteemed as food. 

The Barramunda is said to be in the habit of going on 
land, or at least on mud-flats ; and this assertion appears to^ 

^ ^ For other illustrations see p. 73, Fig. 35 (palatal view of head ) ; jf. 74, j 
36 (pectoral skeleton); p. 141, Fig. 60 (gills) ; p. 148, Fig. 65 (lung);..: 
p« 151, Fig. 67 (heart) ; p. 134, Fig. 57 (intestine) ; p. 165, Fig. 77 (ovary)^,. 



be borne out by the fact that it is provided with a lung. 
However, it is much more probable that it rises now and 
then to, the surface of the watey in order to fill its lung with 
air, and then descends again until the air is so much deoxy- 
genised as to render a renewal of it necessary. It is also 
said to make a grunting noise, which may be heard at night 
for^some distance. This noise is probably produced by the 
passage of the air through the cesophagus when it is expelled 
for the purpose of renewal. As the liarramunda has per- 
fectly developed gills, beside the lung, we can hardly doubt 
that, when it is in water of normal composition, and suffi- 
ciently pure to yield the necessary supply of oxygen, these 
organs are sufficient for the purpose of breathing, and that 
the respiratory function rests with them alone. But when 
the fish is* compelled to sojourn in thick muddy water 
charged with gases, which are the products of decomposing 
organic matter (and tliis must be the case very frequently 
during the droughts which annually exliaiist the creeks of 
tropical Australia), it commences to breathe air witli its lunff 

O 

in the way indicated above. If the inedimn in which it 
happens to he is perfectly unfit for breathing tlie gills cease 
to have any function ; if only in a less degree tlie gills may 
still continue to assist in respiration. The Barrainunda, in 
fact, can breathe by either gills or lungs alond* or by both 
simultaneously. It is not probable that it liveirfreely out of 
the water, its limbs being much too flexible for supporting 
the heavy and unwieldy body, and too feeble generally to be 
of much use in locomotion on land. However, it is quite 
possible that it is occasionally compelled to leave the water; 
although we cannot believe that it can exist without it in a ' 
lively condition for any length of time. 

Of its propagation or development we know nothing, 
.except that it deposits a great number of eggs of the size of 
;thoSe of a newt, and enveloped in a gelatinous case, We 
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may infer that the young are provided with external gills, as 
in Protopterus and Polypterus. 

T1i6 discovery of Ocvcitoplus docs not date fartlicr back 
than the year 1870, and proved to be of the greatest interest, 
not only on account of the relation of this creature to the other 



Fig. 140. Tootli of fossil Ceratodus from Aiist, near Bristol, natural size. 

living Dipnoi and Ganoidci, but also liecause it threw fresh 
light on those singular fossil teeth wiiich are found in strata 
of Triassic and flurassic formations in various parts of Europe, 
India, and America. These teeth, of which there is a great 
variety with regard to general shape and size, are sometimes 
two inches long, much longer than broad, depressed, with 
a flat or slightly undulated, always punctated crown, with 
one margin convex, and witli from three to seven prongs pro- 
jecting on the opposite margin. 


* Second Family — Ctenododipterid^e. 

Caude^fin lieterocercal, Gular plates. Scales cycloid, TvJO 
pairs of molars and one pair of ronierinc teeth. 

dl 



a - / 

Fig. 141. — Dipterus macrolepidotus. 


Extinct. Dipterus ( Ctenodus), Heliodus from Devonian strata. 


360 FISHES. 

Third Family — Phaneropleurid^. 

Caudal fin difihycercal ; vertical fin continuous, Gular 
filates. Scales cycloid. Jaws with a series of mimite conical 
teeth on the margin. 

Extinct. Jhancro'plciiron from Devonian formations, and 
the.^rboniferous Uronemus are probably generically identical. 

FOURTH SUB ORDER— CHONDROSTEL 

Skeleton notochordal ; skull cartilaginous, with dermal 
ossifications; hranchiostcgals few in niinxher or absent. Teeth 
minute or absent. Integuments naked or loilli bucklers. Caudal 
fi/n heterocercal, with fulcra. Nostrils douUe, in front of the eyes. 

First Family — A ciPENSERiDyE. 

Body elongate, sub-cylindrical, with fi/re rows of osseous 
bucklers. Snout 'produced., subspatidate or conical, ivith the 
mouth at its lower surface, small, transverse, protractile, tooth- 
less, Four barbels in- a transverse series on the hirer side of the 
snout. Vertical fins luith a single series of f ulcra, in front. 
Dorsal and anal fins approximate to the caudal. Gill- 
membranes confluent at the throat and attached to the isthnms, 
Branchiostegals none. Gills four ; two accessory gills. Air- 
bladder large, simple, communicating 'with the dorsal wall of 
the oesophagus. 



F^. ;142. — Tail Acipenser. % Fulc;^ ; I, osseous budclers. 
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Sturgeons are, perhaps, the geologically youngest Ganoids, 
eyidence of their existence not having been met with hitherto 
in formations of older date than the Eocene clay of Sheppey. 
They are exclusively inhabitants of the temperate zone of the 
Northern Hemisphere, being eitlier entirely confined to fresh 
water, or passing, for tlie purpose of spawning, a part of the 
year in rivers. Tliey grow to a large size, and are the lai|est 
fishes of tlie fresh waters oi the hiortliern 3Teniis])here, speci- 
mens 10- teet long being ol common occurrence. The ova are 
very small, and so numerous tliat one female lias been calcu- 
lated to produce about three millions at one st'ason ; therefore 
their propagation, as well as their growth, must be very rapid ; 
and although in many rivers their number is annually con- 
siderably thinned by the systematic manner in which they 
are caught wlien they ascend the rivers in shoals from the 
sea, no diminution has been observed. Wherever they occur 
they prove to be most valuable on account of their wholesome 
flesh. In Eiissia, besides, two not unimportant articles of 
trade are obtained from them, viz. Caviare, which is prepared 
from their ovaries, and Isinglass, wliich is made from the 
inner coats of their air-bladder. True Sturgeons are divided 
into two genera, Aci'pmscr and ScaphirhynclmH. 

Acipenser. — The rows of osseous bucklers arc not confluent 
on the tail. Spiracles present. Caudal rays surrounding the 
extremity of the tail. 

About twenty different species of Sturgeons may be dis- 
tinguished from European, Asiatic, and American rivers. The 
best known are the Sterlet (A. rufliciiiiA) from Eussian rivers, 
celebrated for the excellency of its flesh, but rarely exceeding 
a length of three feet; the Californian Short-snouted Sturgeon 
(A, hmchy7'hynchiLs) ; the Hausen {A. huso), from rivers, 
falling into the Black Sea and the Sea of Azow (rare in ’ 
Mediterranean), sometimes 12^ feet long, and yielding an in-.^j^ 
Jl^rior kind of isinglass ; the Chinese Sturgeon (-4. 
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the Common Sturgeon of the United States (A. mamlosus), 
which sometimes crosses the Atlantic to the coasts of Great 
Britain ; Giildenstaedt’s Sturgeon (A. guldenstcedtii), common 
in European and Asiatic rivers, which yields more than one- 
fourth of the caviare and isinglass exported from Eussia; 
the Common Sturgeon of Western Europe (A, sturio), which 
attains to a length of 18 feet, and has established itself also 
on the coasts of Eastern North America. 

ScAPHiRHYNciius. — Siiout spatulatc ; posterior part of the tail 
attenuated and depressed, so that it is entirely enveloped by the 
osseous scutes. Spiracles none. The caudal rays do not extend 
to the extremity of the tail, which terminates in a filament. 

Eour species are known : one (aSI idatyrliynclvui) from the^ 
river-system of the Mississippi, and the three others fro hi 
Central Asia; all. are exclusively freshwater fishes; tyeir 
occurrence in so widely distant rivers is one of the Inost 
striking instances by which the close affinity of the N[orth 
American and North Asiatic faunas is proved. / 


Second Family — Polyodontid/E. 

Body naked ^ or with oiiinntc stellate ossifications. Mouth 
lateral, very wide, with minute teeth in hoth jaivs. Barbels 
none, Caudcd Jin with f ulcra. Dorscd and. anal fi,ns ayyroxh 
mate to the eandcd. Four (jills and a half ; no oyereidar gill 
or psemlobranchia. 

PoLYODON (Spatularia). — Tlic siiout is produced into an ex- 
ceedingly long, shovel-like process, thin and flexible on the sides. 
Spiracles present. Gill-cover terminating in a very long tapering 
flap. One broad branchiostegal. Each branchial arch with a 
double series of very long, fine, and numerous gill-rakers, the two 
series being divided by a broad membrane. Air-bladder cellular. 
Upper caudal fulcra narrow, numerous. 

.. The single species, P, folium, occurs in the Mississippi, 
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and grows to a length of about six feet, of which the rostral 
shovel takes about one-fourth ; in young examples it is com- 
paratively still longer. 

PsEPHURUS differs from Polyodon in having the rostral 
process less depressed and more conical. The gill-rakers are 
comparatively short, in moderate niimher, and distant from one 
another. Upper caudal fulcra enormously developed, and in 
small number (six). 

Fsey^liimis (jladius inhabits the Yan-tse-Kiaiig and Hoangho, 
tlie distribution of the Folyodontida: lieing perfectly analogi^iis 
to that of Sixtydiirhymdius, It grows to an iniinense size, 



Fig. 143. — Psephurus gltuliiis. 


specimens of 20 feet in length being mentioned by Basilewsky. 
The function of the rostral process in the economy of these 
fishes is not yet sufficiently explained. Martens believes that 
it serves as an organ of feeling, the water of those large Asiatic 
and American rivers being too turbid to admit of the Sturgeon 
seeing its prey, which consists of other fishes. The eyes of 
Fse2)lmrits, as well as Folyodon, are remarkidjly small. Both 
fishes are used as food. 

Allied to the Folyodontida\ and likewise provided with a 
paddle-shaped production of the fore part of the head, is the 
fossil genus Clumdrosteiis, remains of which occur in the Lias. 


FIFTH SUB-OEDER— POLYPTEROIDEI. 

j Faired jins with axial slccleton^ fringed ; dorsal jins two or 
more, Branchiostegals alsent,hut generally gidar plates. Ver* 

■ tehral column diphy cereal or heterocercal. Body scaly. 
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First Family^ — Polypterida*;. 

Seales ganoid; Jins without fulcra. A series of dorsal 
spines, to each of which an articulated finlet is attached; anal 
placed close to the caudal fin, the vent being near the end of the 
tail. Abdominal portion of the vertebral column much longer 
than the caudal. 

PoLYPTEEus.— Teeth rasp-like, in broad bands in. the jaws, 
on the vomer and palatine bones ; jaws with an outer series of 
closely-set, larger, pointed teeth. Caudal fin surrounding the 
extremity of the vertebral column ; ventral fins well developed. 
A spiracle on each side of the parietal, covered with an osseous 
plate. A single large gular plate. Air-bladder double, commu-' 
nicating with the ventral wall of the pharynx. 



Fig. Polypterus bicliir. 

This Ganoid is confined to tropical Africa, occurring in 
abundance in the rivers of the west coast and in the Upper 
e ; but It has not been found in the river-systems belonr^iim 
to the Indian Ocean. It is scarce in the Middle and .Lower 
Nile, and the specimens found below the Cataracts have 
been carried down, from southern latitudes, and do not pro- 
pagate their species in that part of the river. There is only' 
^ one species known, Pohjpterus bieldr (“ Eichir” bein- its 
• vernacular name in .Egypt), which varies in the number of 
■ ^tha dorsal finlets, the lowest being eight, the highest eighteen. 

„ It: attains to a length of four feet. Nothing is known of its 
mode of life, and observations thereon are very desirable. 

: ; Calamoichthys.— Distinguished from Polypterus by its greatly 

: Slongate form, and the absence of -ventral fins. 

: a dwarf W from Old CalaW 
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Second Family— SAU iioDiPTERiDiE. 

Scales ganoid, smooth like the surface of the slmlL Two 
dorsal fins; jpaired fins oUusely lohate. Teeth conical: Caudal 
heteroccrcal , . 

Extinct. Diplopterus, Megalichthys, and Ostcolepis from 
Devonian and Carboniferous formations. 

Third Family — Coelacanthiile. 

Scales cycloid. Two dorsal fins, each supported by a singte 
two-pronged interspinous bone ; paired fins obtusely lobate. 
Air-bladder ossified ; notochord persistent, dip)hycereal. 

Extinct. Coelacanthus from carboniferous strata ; several 
other genera, from the coal formations to the chalk, have been 
associated with it — Undina, Graphmrus, Macropoma, Holo- 
phagus, Hoplopygus, llhizodus. 

Fourth Family — II oLorTYCHiiDyE. 

Scales cycloid or ganoid, sculphired. Two dorsal fins ; pec- 
torals narrow, acutely lobate ; dentition dendrodont. 

Extinct. In this family a peculiar type of dentition is 
found — the jaws are aimed witli two kinds of teetli, small ones 
serially arranged, and much larger fang-like teeth disposed at 
long intervals. Both kinds sliow at their basedn transverse 
sections a labyrinthic complexity of structure, numerous 
fissures radiating from the central mass of vasodentine 
which fills up the pulp cavity, and sending off small rami-* 
fying branches. Genera belonging to this family are Holo- 
ptychius, Saurichthys, Glyptolepis, Bendrodus, Glyptolaemus, 
rCflyptopomus, Tristichopterus, Gyroptychius, Strepsodus, from: 
■ Devonian and Carboniferous strata. 
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SIXTH SUB«OEDER— PYCNODONTOIDEI. 

' Body comjpresscd^ high and short or oval, covered with rhombic 
scales arranged in decussating fleurolejpidal lines. Notochord 
persistent. Paired fins without axial skeleton. Teeth on the 
'palate and hinder part of the lower jaw molar-like. Branchi- 
ostegals, hut no gular plates. 

Extinct. The regular lozenge-shaped pattern of the in- 
teguments of these fishes is described by Sir P. Egerton thus : 
‘‘Each scale bears upon its inner anterior margin a thick 
solid bony rib, extending upwards beyond the margin of the 
scale, and sliced off obliquely, above and below, on opposite 
sides, for forming splices with the corresponding processes of 
the adjoining scales. These splices are so closely adjusted 
that, without a magnifying power or an accidental dislocation, 
they are not perceptible. When in situ, and seen internally, 
these continuous lines decussate with tlie true vertebral 
apophyses.” In some genera the “ pleurolepidal ” lines are 
confined to the anterior part of the side. 

First Family — Pleurolepidal:. 

Homocercal. Body less high. Fins with fulcra. 

Pleurolepis and Homoeolepis from the Lias. 

Second Family — Pycnodontid^. 

Homocercal. The neural arches and ribs are ossified; the 
roots of the ribs are hut little expanded in the older genera, hut 
mlarged in the tertiary forms, so as to simulate vertehrm. 
. Paired fins not lohate. Ohtuse teeth on the palate and the sides 
of the mandihle ; maxilla toothless; incisor -like teeth in the 
intermaxillary and front of the mandihle. Fulcra absent in 
all the fins. 

These fishes abound in Mesozoic and Tertiary formations. 
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‘^yrodus, Mesturus, Microdon, Coelodus, Pyenodus, Mesddon, are 
some of the genera distinguished by palpeontologists. (See 
Fig. 102, p. 201.) 

SEVENTH SUB-ORDER— LEPIDOSTEOIDEI. 

Scales ganoid, rhomhic ; Jhis generally with fulcra ; paired 
fins not lohate. Free- and inter- operculum developed; goierally 
nnlmerous branchiostegals, hut no gular plate. 

First Famii.y — LEP iDosTEiDyE. 

Scedes ganoid, lozenge-shaped. Skeleton completely ossified ; 
vertehree convex in front and coiuave behind. Fin.s v.hth fulcra ; 
dorsal and anal composed of articulated rays only, placed far 
backwards, close to the caudal. Abdominal part of the vertebral 
column much longer than cauded. Brand dostegals not numer- 
ous, without enamelled surface. Ileteroccrcal. 

Lepidosteus. Body elongate, sub-cylindrical ; snout elongate, 
spatulate, or beak-shaped ; cleft of the mouth wide ; both jaws 
and palate armed with bands of rasp-like teeth and scries of 
larger conical teeth. Four gills ; no spiracles ; throe branchio- 
stegals. Air-bladder cellular, communicating with the pharynx. 



Fig. 145. — Lepidosteus viridis. 


' Fishes of this genus existed already in Tertiary times ;* 
their remains have been found in Europe as well as North 
America. In our period they are limited to the temperate 
parts of North America, Central America, and Cuba. Three 
^species can be distinguished which attain to a length of about 
six feet. They feed on other fishes, and their general rese’m- 
blahce to a pike has given to them the vernacular names of 
^ar-Pike,^’ or ‘‘ Bony Pike.” 



Second Family— SAUR iDiE. 

Body oblong, with ganoid scales ; vertebrce not completi 
ossified ; termination of the vertebral column homocercal ; fi 
generally with fidcra. Maxillary composed of a single piee 
jaws with a single scries of conical pointed teeth. Branchios 
gals numerous, enamelled., the anterior broad gular plates. 

Extinct. Numerous genera occur in Mesozoic formatioi: 
one witli the widest range is Semionotus, with disticho 
fulcra, from the Lias and Jura; Eugnathus, with lar 
posteriorly serrated scales, and fulcra on nearly all fir 
Cephenoplosus from the Upper \ Macroscmius from t: 
Oolite ; Propterus, Ophiopsis, Pholidophorus, Pleurophol 
Pachycormus, Oxijgnatlms, Ptycholepis, Conodus, Eidepidoh 
Lopliiostomus, etc. 

Third Family — Stylodontidh!]. 

Body rhomhic or ovate, vnth ganoid scales; vertebrce r 
completely ossified ; terminaiion of the vertebral column horn 
cereal ; fins with fidcra. Maxillary composed of a single piec 
jaws with several series of teeth, the Older ones equal, stylifor. 
Dorsal fin very long, extending to the cauded. Branchiostegc 
numerous. 

Extinct. Tetragonolepis from the Lias (see Fig. 103, 
207). 

Fourth Family — S piUERODONTiDir. 

Body oblong, with rhombic ganoid scales ; vertebrce ossifie 
but not completely closed ; homocercal ; fins with fulcr 
Maxillary composed of a single piece ; teeth in several seri 
lobtuse ; those on the palate globular. Dorsal and anal fins sho: 
iBranchiostegals. 

Extinct.- The type genus of this is Lepidotus, i 

from its large rhomhic, dense, and polished sc£^€ 
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♦The dorsal is opposite to the anal, and all the fins ar ” 
vided with a double row of fulcra. Tins genus ranges, 
the Lias to the Clialk ; one species would seem to ] 
survived into tertiary times, if it should not prove to c 
Zepidosteits, 


a 


Fifth Family — A spiDoRHYNciiinyF. 

Body elonyato, vntli ymioid smlen ; jaws jwohmjed into a 
leak; tcrmv>iation of the vertebral column honweercal. Fins 
wUh fulcra ; 'a series of crdaryed scales ahny the side of the body. 
DoTSdl Jifi opposite to the anal. 



Fig. 146.~Aspidorhynchus fi.sheri, from the Purbeck beds ; m, mandible ; 
presymphyseal bone. 


Extinct ; mesozoic. Aspidorhynchus has tlie upper jaw 
longer than the lower; very peculiar is the occurrence of a 
single, solid, conical bone, situated in front of the symphysis 
of the lower jaw, to which it is joined by a suture. Bclo- 
nostomus with botli jaws of equal length. 


Sixth Family — PAL yKONisciDAi. 

Body fusiform, with rhombic ganoid scales. Notochord 
persistent, with the vertebral arches ossified.. Ileterocereal. All 
the fins with fulcra; dorsal short. Branchiostegals numerous, 
ths foremost pair forming broad gulars. Teeth small, conical, 
or cylindrical, 

. Extinct. Many genera are known; from the Old Bed 

2 b 
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, Sandatone—CMrolepis and Aerolq>is ; from Corbonif ' ^ 

m-^sthcnes- from ^f^adzmchtk^j,, Myriokpis, 

uxxjgnathm, Cosmokpis, and ThrisMus ^ 

f^eo Traquair, ‘‘The Ganoid Pishes of the British 0.^ 

tions.” Parti. Palocmmcidm.] ^'“■’^OMferous Forma- 

Seventh Family — I’latysomid^e. 

fakra; dorsal fin long, occn^^yku, tU posterior ka^ jf 
iack. Branchioskgals rrtcmerous. Tr.n, 1 . .1 





(M'Cy). pky„„t 

* . SUB-OEDEE~AMIOIDEI. 

ossijkd, hetero- 

,Mody covered mth cycloid scales. BrancMost^kls 
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First Family— CATUEID.E 



^ P 

Fig. 148.— Caturus furcatus (.Solciilpfeii). . 

Extinct. Cativnm from the Oolite to tlie Chalk. 

Second Family— lEPTOLEPiDyE. 

^^omocercal; fins icithout 
fulcm ; dorsal short. Teeth minute, in lands, with canimes in 
jront 

Extinct, and leading to the living representative of this 
suborder. Thrissops with the dorsal fin placed far backwards 
and opposite to the long anal. Leptolcpis with the dorsal fin 



opposite to the ventrals, from tlie Lias and Oolite. These 
_shes, as far as the preserved parts are concerned, cannot be 
. distinguished from Teleosteous fishes, to which they are 
referred by some Palseontologists. 


Third Family — ^Amiid^. 

Skeleton entirely osdjkd'; a dngle large gv& plate; 
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cereal ; fins without fulcra ; a long soft dorsal fin. Abdominal 
^and caudal parts of the vertebral column subequal in extent. 
Branchiostegals mm erous. 

Amu. — Body rather elongate, sub-cylindrical, compressed be- 
hind. Snout short, cleft of the mouth of moderate width. Jaws 



Fig. 150. — Amia calva ; giilar plate. 

with an outer series of closely-set pointed teeth, and with a band 
of rasp-like teeth ; similar teeth on the vomer, jialatine, and 
pterygoid bones. Anal short; caudal fin rounded. Gills four; 
air-bladder bifurcate in front, cellular, communicating with the 
pharynx. 

The Bow-fiii ” or Mud-fish (^A. calva) is not uncommon 
in many of the fresh waters of the United States ; it grows 
to a length of two feet. Little is known about its habits ; small 
fish, crustaceans, and aquatic insects, have been found in its 
stomach. Wilder has observed its respiratory actions; it 
rises to the surface, and, without emitting any air-bubble 
whatever, opens the jaws widely, and apparently gulps in 
a large quantity of air ; these acts of respiration are more • 
frequently performed when the water is foul or has not been 
changed ; and there is no doubt that an exchange of oxygen 
and carbonic acid is effected, as in the lungs of aerial 
vertebrates. The flesh of this fish is not esteemed. 

Fossil remains occur in tertiary deposits of North America, ' 
,;for instance in the Wyoming territory; they have been dis- 

: .iinguished as and 



SECOND SUB-CLASS — TELE()STP]r. 

Heart with a non-contractilc Imlhtis arteriosus; intestine 
withoiit spiral mlve ; optic nerves dccussaiimj ; skeleton ossified, 
with completehj formed vcrtehw; vcrtchral column d/iphymcell 
or homoccrcal ; IrrancMcc free} 

Tlie Teleostei fonn the majority of tlie fishes of the present 
fauna, and are tlie geological successors of the Balicichthyes, 
uudouhted Teleostei not ranging farther hack than the 
Chalk. This suh-class comprises an infinite variety of 
forms; and as, naturally, many Oanoid fishes lived under 
similar external conditions, and led a siinilar mode of life 
as certain Teleostei, we find not a few analogous forms in 
both series : some Ganoids resembling externally the Teleos- 
teous Silnroids, others the Clupeoids, others tlie Chictodonts, 
others the Scombresoces, etc. But there is no direct genetic 
relation between those fishes, as some Naturalists were in- 
clined to believe. 

The Teleostei are divided into six orders : — 

A. Acanthoi’Terygii.— P art of the rays of the dorsal, anal, 
and ventral fins not articulated, spines. The lower pharyngeals 
separate. Air-bladder, if present, without pneumatic duct in the 
adult. 

? B. Acanthopterygii PitARYNOOONATiii. — Part of the rays 
of the dorsal, anal, and ventral fins not articulated, spines. The 

lower pharyngeals coalesced. Air-bladder without pneumatic duct., \ 

• , ■ 

1 See p. 97, Fig. 41 ; and p. 162, Fig. 68. 
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C. Anacanthini. — Vertical and ventral fins without spinous 
rays. Ventral fins, if present, jugular or thoracic. Air-bladder, 
if present, without pneumatic duct. Lower pharyngeals separate. 

' D. Physostomi. — All the fin rays articulated ; only the first 
of the dorsal and pectoral fins is sometimes ossified. Ventral fins, 
if present, abdominal, without spine. Air-bladder, if present’ 
with a pneumatic duct. 

E. Lophobranchti.— Gills not laminated, but composed of 
small rounded lobes, attached to the branchial arches. Gill-cover 
reduced to a large simple plate. A dermal skeleton replaces 
more or less soft integuments. 

F. Plectognathi. — A soft dorsal fin opposite to the anal ; 
sometimes elements of a .spinous dorsal. Ventral fins none, or 
reduced to spines. Gills pectinate ; air-bladder without pneu- 
matic duct. Skin with rough scutes, or with spines, or naked. 

FIRST ORDER— AC ANTHOPTERYGII. 

of the rays of the dorsal, anal, and ventral fins arc not 
articulated, more or less xnmyent spines. The lower pharynejeals 
are generally separate. Air-hladder, if 'present, without pneu- 
matic duct in the adult.^ 

First Division — Acanthopterygii Peeciformes. ' 

. Body more or less comp'ressed, elevated or oblong, but not elon- 
gate; the vent is remote from the extremity of the tail, behind 
the ventral fins if they arc present. No prominent anal papilla. 
No mperhranchied organ. Dorsal fin or fins occupying the 

^ The Acanthopterygi.an.s do not form a perfectly natural group, some 
.^eterogeneous elements being mi.xed up with it. Neither are the characters, 
V which it is circumscribed, absolutely distinctive. In some forms (certain 
sBl^nioids) the structure of the fins is almost the same as in Anacanths ; there 
some Acanthopterygians, as Gerres, Pogonias, vihidi possess coalesced 
finally, the presence or absence of a pneumatic duct loses 

of its value as a taxonomic character when we consider that pK)bably 
communication between pharynx and air-bladder exists at an ' 
qf development. 



PEECIDjE. 


3’75 


greater portion of the hach; spinous dorsal wcU developed, geroer- 
a^y with stiff spines, of moderate extent, rather longer than, or 
ak long as, the soft; the soft anal similar to the soft dorsal of 
irioderate extent or rather short. Ventrals thoraeie, with 'me 
Spine and with four or five rays. 

First Family — PER ciDyE. 

The scales extend hut rarely over the vertical fins, and the 
lateral line is generally present, continuous from the head to the 
caudal fin. All the teeth simple and eoniced, ; no harhels. No 
hony stay for the prccoperexilum, 

A laige family, represented by numerons genera and species 
in fresh waters, and on all tlie co<ists of tlie temperate and 
tropical regions. Carnivorons. 

Fossil 1 ercoids abound in some formations, for instance, 
at Monte Bolca, where species of Ldbreuv, Idles, Smerdis and 
Cyelopoma (both extinct), Dules, Serramis, Apogon, Therapon, 
and Pristipoma have been recognised. Paraperca is a genus 
lecently discovered in the Maries of Aix-en-ihovence. A 
species of Perea is known from the fresli water deposit of 
Oeningen. 

Perga. — All the teeth are villiform, without canines; teeth 
on the palatine bones and vomer; tongue toothless. Two dorsal 
fins, the first with thirteen or fourteen spines ; anal fin with two 
spines. Praeoperculum and pricorbital serrated. Scales small; 
head naked above. Branchiostegals seven. Vertebrje more than 
twenty-four. 

The ‘^Fresh water Perch” {Perea finviatilis) is too familiarly 
known to require description. It is generally distributed 
' over Europe and Northern Asia ; 'and equally common in 
North America, there being no sufficient ground for separat- , 
ihg specifically the specimens of the Western Hemispherei;; 
R frequents especially stilk waters, and sometimes descen^l 
A^^ /^^^^kish water. Its T^eight does not seem to , e 2 Coee§i 
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5 lbs. The female deposits her ova, united together 
viscid matter, in lengthened or net-shaped hands, on 
plants. The number of the eggs of one spawn may excfate. 

first 










Fi‘^ 151 .— Fei’ca iluviatilis, the I’ereh. 


' anal : 


million. Two other species, F. {/radlu, from Canada, and F. 
schrencUi, from Turkestan, have been distinguished, but they 
are very imperfectly known. An allied genus is Smiperca, 
from Northern China. 


Percichthys.— Differing from Perea especially in the number 
of the fin-spines, which arc nine or ten in the first dorsal, and 
three in the anal fin. The upper surface of the head scaly 

These fishes represent the Freshwater Perches of the 
Northern Hemisphere in the fresh waters of the temperate 
parts of South America. Two species have been described 
from Patagonia, and one or two from Chili and Peru. 


Labrax -—All the teeth arc villiform, without canines ; teeth 
.he pahtine bene, vomer, »d .he 


the first with nine spines ; anal fin generally with three. Pr®- 
operculum serrated, and with denticulations along its lower limb , 
prseorbital with the margin entire. Scales rather small. Branc n- 
pstegals seven ; well developed pseudobranchiai. 

The “ Bass ” are fishes common on the coasts of Europe 
'Ud the Atlantic coasts, and in the fresh waters of the United 
iStates and Canada. The three European species are almost 
inclusively inhabitants of the sea, entering brackish, but 
-iiTofmnj whilst, the American species, the numbei 
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of which is still uncertain, seem to affect principally fresh 
water, although some are also found in the sea. The best 
known European species is Lahrax UqniH (see p. 41, Fig, 4), 
common on the British coasts. It is a voracious fish, with a 
remarkably large stomach, and received from the ancient, 
Eomans the appropriate name oi In ]) hh. ]'>y tlie Greeks* it 
was so highly esteemed that Arcliestratus termed this or one 
of the two other closely-allied species, taken near Milet, 

“ offspring of the gods.” They attril)uted to it a tender regard 
for its own safety ; and Aristotle says that it is the most 
cunning of fishes ; and that, when surrounded l)y tlie net, it 
digs for itself a channel of escape tlunugh the sand. Speci- 
mens of from two to three feet are not scarce, but its 
flesh is nowadays much less esteemed than in aiKiiiuit times. 
Of the J^ortli American species Lahrax I incat as and Ijohrax 
rufus are the most common. 

Bates. — All the teeth are villiform, without canines ; teeth 
on the palatine ]:)ones and vomer, hut noiui on tlie tongue. Two 
dorsal fins — the first with sewen or eiglit, the anal fin with tw'O 
or three, spines. Praiopercuhim wuth strong spines at tlic angle 
and the lower limb ; also tlie pra?orbital is strongly serrated. 
Scales of moderate size. Branchiostegals seven ; ])s(Hi(lobranchia‘. 
present. 

Three well-known species belong to this genus. The 
Perch of the Nile and other rivers of tropical Africa [Lates 
niloticus)) the Perch of the Ganges and other East Indian, 
rivers, which enters freely brackish water, and extends to the 
rivers of Queensland {lAdcs calcarifer). These two species 
attain to a large size, the Indian species to a length of five 
feet. Hamilton says that “the vulgar English in Calcutta 
caU it ' Cockup,' and that it is one of the lightest and most 
esteemed foods brought to table in that city.” Specimens 
tjw'o feet in length and caught in saltwater are by far the 
%st quality. The third species {Lates colmioriijii) h iovaxA in. 
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-AustraMa only, and does not appear to grow to the same 
large size as its congeners. 

Allied to LaUs is Psammopcrca from Australia. 

Two 1 1 „P‘'' vomer, but none on the tongue 

•Ws with thme 

lather small. Lrancluostegals seven ; pseudobranchiai present. 

This lerch (PWaW yupo;uV«.,) is one of the most 
common fishes on the coasts of China, Japan, and Formosa; 
the Japanese name it “ Zuzuki,” or “ Seongo.” 

villiform, without canines ; teeth on 
he vomer, but none on the palatine bones or the tongue One 

rom tlnrteen to nineteen spines ; two anal spines. Body rather 
on with rather small scales. Bones of the skull wifh wide 
miicifcroiis cavities ; prseoperculum denticulated. 

“Pot'- Of which A. cernua, named 

distrknf”' oommoii, and has the widest 

ion in Central Europe and Siberia. The two other ' 
yecies have a more restricted range, A. being con- 

Bkck La 

^ ‘ , aiic A, czehaiiowshii to Siberian rivers Tins 
genus IS hot represented in the Western Hemisphere. 

addhionalT'''- 'o the jaws with 
t firl ^wo dorll hns- 

spines Pn^o/ 1 fourteen, the anal fin with two 

spines. Pr^operculum serrated ; scales small. 

rivers of ttt inhabitants of many lakes and 

is coL ! northern zone. The European species 

dS mn t 1 '"f two-thirds of the continent, and one 

g-t^e most esteemed freshwater fishes; it attains to a length 

;Srfe®-“‘fourfe^^^^ 25 to 30 lbs..'’ 



PERGID^. 


37p 


It has been recommended for acclimatisation in England, and 
there is no doubt that in certain localities it might prove a 
valuable addition to the native fauna ; but like all its con- 
geners it is very voracious and destructive to smaller fishes. 
Two - other species inhabit rivers of Euro])ean and Asiatic 
Eussia, and two or tliree the fresli waters of North America, 

PiLEOMA. — All the teeth minute, villiform, without canines ; 
teeth on the vomer and palatine bones. Two dorsal fins — the 
first with fourteen or fifteen spines. Body rather elongate, with 
small scales. Prseoperculum not serrated. 

Small freshwater perches abundant in the United States. 
Like the following genus, and some others which need not 
be mentioned here, they can be regarded as small, dwarfed 
representatives of the preceding genera. The species seem 
to be numerous, but have not yet been sufficiently well dis- 
tinguished. The latest and best account of tliem is by L.“ 
Vaillant, Eecherches siir les IN^issons d’eaux donees de 
TAmerique septentrionale in Nouv. Archiv. 

du Mus6um d’Hist. Nat. de Paris, ix., 1873. 

Boleosoma. — Allied to Plleojna, but with only nine or ten 
feeble spines in the first dorsal fin. North America. 

Aspro. — Body elongate, cylindrical ; snout thick, projecting 
beyond the mouth, Avdiich is situated at its lower side. All the 
teeth villiform, without canines ; teeth on the vomer and palatine 
bones. Two separate dorsals. Prajoperculum serrated ; pra3- 
orbital entire. Scales small. 

Two small Perches from the Danube and some other 
rivers of the continent of Europe, Asjrro vuhjarU and A. 
zingel? 

Gentropomus. — Body oblong, compressed, with scales of mode- 
rate size. All the teeth villiform, without canines ; teeth on the 
; vorner and palatine bones. Two dorsal fins, the first with eight 
\$trcmg spines, the anal with three, the second of which is very ^ 
ajad long. Praeoperculum with a double denticulated edge. ^ 
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Numerous, species are known from the West Indies and 
Central Anierica. These fishes are found in fresh, brackish, 
and salt water, and some of the species indiscriminately enter 
all three kinds of water. They do not grow to any large size, 
but are esteemed as food. 

Enoplosus.— Body much elevated, the depth being still more 
increased by the high vertical fins. All the teeth arc villiform, 
without canines ; teeth on the vomer, palatine liones, and the 
tongue. Two dorsal fins, the first with seven .spines. Prseoper- 
culum serrated, with spinous teeth at the angle. Scales of mode- 
rate size. 

A small and very common marine species (A. armatus) on 
the coast of Australia, especially .Now Soiith Wales. It is 
readily recognised by the peculiar shape of its body, and eight 
black transverse bauds on a whitish gro.und. 

This, and the preceding genus, leads to the true “Sea 
perches,” whicli never, or but rarely, enter fresh water 

Centropeistis. — Body oblong, with scales of small or mode- 
rate size. Teeth villiform, with small canines in both jaws j vome- 
rine teeth placed in an angular band, ora short triangular patch; 
teeth on the palatine bone.s, but none on the tongue. One dorsal,' 
with the formula ; anal fin,’.,. Praioperculum .serrated; 
sometimes with the angle projecting, and armed with long spines. 

About twenty species of small size are known from tem- 
perate and tropical seas. 

Anthi.is. — Body rather short, compressed, with scales of 
moderate size. Teeth villiform, with small canines in both jawp; 
teeth on the vomer, and palatine teeth. One dorsal, generally 
: with ten spines; anal fin with three; caudal forked. The rays 
of one or more fins may be prolonged. Praeoperculum serrated. 

About twenty species are known from temperate and 
' tropical seas ; they are mostly of small size, and agreeably 
,j coloured, pink and yellow being the. predominant colours. 

sacer is common in the Mediterranean, and was well 
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known to the ancients. Aristotle says that the fishers of 
Sponges dall it sacred, because no voracious fishes came to the 
places which it frequented, and the diver might descend with 
safety . — Callantliias is a genus closely allied to Anthias. 

Serranus. — Body oblong, cmnpressed, with small scales. 
Teeth villiform, with very distinct' canines in both jaws ; teeth 
On the vomer and palatine bones, none on the tongue. One 
dorsal, mostly with nine or eleven, rarely witli eigiit, ten or 
twelve spines ; anal fin with three : all the spines being stout. 
Pra3operculum serrated behind and at the angle, but not below. 

The “Sea perches xn’oper” are found on the shores of all 
temperate and tropical seas, most abundantly in the latter. 
A few species enter brackish and even fresh water, one having 
been found as high up the Ganges as tlie confines of Nepal. 
However, all spawn in the sea. The variety of species is 
almost infinite, about 150 being tolerably well known, and 
many more having been described. The distinction of the 
species is most difficult, and nearly impossible to those who 
have no opportunity of closely and long o1)serving tliem in 
nature, as they are not only subject to great variation of 
colour, but also to considerable changes dependent on age. 



Fig. 152 .— -Serranus altivelis. 


Many are most agreeably coloured, and ornamented with spots, 
6r cross bands or longitudinal stripes ; colours which become 
hpore uniform with age in those species which attain ta ^ 
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large size. The majority remain of rather small size, growing 
to a length of one or two feet; but not a few re‘ach more / 
than twice that length, and may even become dangerous to i 
man. Instances of bathers having been attacked by a gigantic 
species not uncommon at the Seychelles and Aden are on 
record, the persons having died from the injuries received. 
Almost all tlie species are eatalde, and many are esteemed as 
. food. One species is conimon on the British coasts (S. cabrilla)^ 
and probably some of the more southern species scriba 
and S. (jigas) occasionally wander as far northwards as the 
British Channel. The species figured, S. altivelis, is locally 
distributed over nearly all the tropical parts of the Indian 
Ocean, and distinguished by particularly high dorsal and anal 
fins. Angperodon and Prionodcs are two genera closely allied 
to Serranus, 

Plectropoma. — F orm of the body and dentition (see p. 127, 
Fig. 54) similar to that of Serranus, with a prscoperculum serrated 
behind, and armed with spinous teeth below, which are directed 
forwards. Dorsal fin with from seven to thirteen spines. 

About thirty species from tropical seas are known. 
Trachypoma is allied to this genus. 

PoLYPRiON. — Body oblong, rather compressed, covered with 
small scales. All tlie teeth are villiform ; teeth on the vomer, 
palatine bones, and the tongue. One dorsal wi n eleven or 
twelve spines; anal with three. Pr^eoperculum denticulated;, a 
strong, rough, longitudinal ridge on the 02)erculum. 

Two species are known: one from the European coasts 
/ (P. cernmvi), and one from Juan Fernandez (P. kneri). They 
. attain to a weight of 80 lbs. and more. The European 
/ "'Species has the habit of accompanying floating wood, to which ' , 
't:they are attracted by the small marine species generally 
■^/stiri^ounding such objects, and affording a supply of food. It 
tifs 'known by the name of Stone-bass,’’ and excellent eating. 

.^G^mmistes. — B ody rather short, compressed, covered withi. ; 
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minute scales ^imbedded in the thick skin. All the teeth are 
villiform; teeth on the vomer and palatine bones. Two dorsal 
fins, the first with seven spines. Pra^operciiliim without serra- 
ture, but with three short spines. A short skinny barbel is 
frequently developed at the chin. 

|Three species are known from the Indo-racific ; they are 
of small- size.* One, G, oricntalis, is black, witli six or seven 
white longitudinal stripes, and one of the most common 
coast-fishes of that ocean. 

Ehypticus. — Body oblong, compressed, covered with niinnto 
scales imbedded in the thick skin. All the teeth are \dlliform ; 
teeth on the vomer and palatine bones. The spines of the ver- 
tical fins are but little developed, always in small number and 
short, and may disappear entirely. Prieoperculum not serrated, 
with some obtuse spines. 

Four species are known : three from the West Indies 
and one from the Galapagoes Islands. 

Other genera allied to the Uvo ^we ceding are Avlacoce^ 
flialus from Mauritius, Picunion, and J apan ; and Myriodon 
from the coasts of Australia. 

Diploprion. — Body rather elevated, compressed, with small 
scales. All the teeth villiform ; teeth on the vomer and pala- 
tine bones. Two dorsal fins, the first wdth eight spines ; anal 
with two. Proeoperculum with a doul)le denticulated limb. 

The single species known {D. Infasciatain), is very com- 



, iteon" in th6 East Indian Archipelago, and on the coasts 0 / 
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Southern China and Japan. It is of small size, and orna- 
mented with two broad black cross-bands. 

.Mesoprion.— B oJ. oblong, compressed, covered with scales of 
moderate size. Teeth 

villiform, with canines in 
both jaws ; teeth on the 
vomer and palatine bones. 

One dorsal fin, with ten 
or eleven, rarely with 
more spines ; anal fin with 
three. Prieopercuhim ser- 
rated ; in some species Fi.. l.r,4._Opercle« a, of Mcsoprion- b of 
{GcniJ0ni(je) l\. more or less 'kiqiomjc ; «, knob received in a notch of 
distinct spinous knob pro- pniiojierculuni. 

jects from the surface of the interoperculum, and is received in 
a more or less deep notch of the pricopcrcula; margL 

About seventy species are known frmn tropical seas in 
1 lemispheres, but it is notewortliy tliat the species with 
he peculiar protuberance of the interoperculum are confined 
le ndo-Paciftc. The coloration is much more simple 
lan in the small-scaled Serrani, a uniform hue of greenish 
pink, 01 red prevailing ; .species with longitudinal bands are 

^ide occur. The majority of the species remain within very 
moderate dimensions, .specimens exceeding three feetln 
ngth being scarce. Tliey are generally eaten, and some of 
the species belong to tlie commonest fishes of the tropics as • 
M. hcwjalensts, chrysums, ycmhra, yrisem, and others 

o. v„„„ .n/rSbot rr“ 

spines : anal -fin witK -o / ^ ciorsal with ten • 

branchiostegals only. ‘ serrated. Six 
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About ten species are known, inhabitin^^ fresh waters of 
the coasts of the Indo-Pacific, and being especially common 
in the islands of this region, and also in Tropical Australia. 
Some live also in brackish water. Though of small size they 
are esteemed as food. 

Therapon. — Body oblong, compressed, with scales of moderate 
size. All the teeth are villiform, those of the vomer and pala- 
tine bones being rudimentary, and frequently absent. One dorsal, 
with a depression in its upper margin, and twelve or thirteen 
spines ; anal fin with three. Pneoperculum serrated. Air- 
bladder with two divisions, an anterior and posterior. Six 
branchiostegals. 

About twenty species are known, the distribution of which 
nearly coincides with DideSy but as some of the species are 
more or less marine, the genus is spread over the wliole area 
of the tropical Indo-Pacific. Other species, especially those 
of Australian rivers, are entirely limited to fresh water. Tli, 
tlierapSy TK servm, and TJi. mvieri belong to the most com- 
mon fishes of that area, extending from the east coast of 
. Africa to Polynesia. They are readily recognised by the 
blackish longitudinal bands with which the body is orna- 
mented. ' All the species are of small size. Helotes is closely 
allied to this genus. 

Prlstipoma. — Body oblong, compressed, with ctenoid scales of 
moderate size. Cleft of the mouth hori- 
zontal, not very wide, with the jaws nearly 
equal in length anteriorly; a central pit 
below the chin ; villiform teeth in the 
jaws without canines ; palate toothless. 

One dorsal, with eleven to fourteen spines ; 
anal with three. Vertical fins not scaly, or 
with scales along the base only. Prseoper- 155. —Lower view of 

culum serrated. Branchiostegals, seven. manadense^ 

About forty species are known, all from the sea. Thby * 
are extremely common between the tropics, some of 
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species extending intn • ii 

Ti-eydo « hi "'fi”'”® P«t»- 

“'option. C„„,„ ,, a-TlS” '■•™ “ P'”- 


Hjemulon, 
naoderate size. 


Body oblong, 
Cleft of the 



compressed, with ctenoid scales of 
ffioutJi horizontal, generally wide. 



v, , . ^^evirostruni. 

“■ On. do.»,, 

Jiree ; the soft portions of the vertic I ^ 

?^’opicalAinericaTtherrir ;coasts of 

‘figured occurs on both sides of cTntnl 

IS an allied genus. ^ America. Ha^cdogem/s 

i DiAGHAMMA Boflvr.T^T. * 

iJilJl.ctenoid scales, ^per 7roThS^T^i 

>||4|e Boputh small, horizontal from f ; deft 

ntal, from four to six pores under the i 



■M. 


Teefcli villiform, withbu 



■ mandible, but without central pit. 
canines ; palate toothless. One 
dorsal fin, with from nine to 
fourteen spines ; anal with three. 

Vertical fins not scaly. Pr®. 
operculum serrated ; infraorbital 
not armed. Branchiostegals, six- 
er seven. _ l-V.— Diagminnin oi ientale, from 

Tiido-Pacilic. : 

of Lr, •’"'""S vk. to a longtl, 

bLl " r: 

A lemaikaLile (isli (Z. mihrrmti) on aocoiiiit of ito extra- 

‘Ml'toal and toijiia-rate America. IXiilclciu found 
a on the coast of .sai, 1375, ^ 

water, and is known to attain to a lengtii of two feet. 


Histioiterus.— B ody rather elevated, strongly compressed 
Tf theleadT” Produced, tlie anterio? profile 

rLtb ! n f “ • ^"<1 of theLut. 

_e h vilhform, without canines ; palate toothless. Some of the' 

St’s!] Otie 

domal, with about ten spines; anal witV three. Pr4erculir 
margin partly serrated. Branchiostegals, six. ^ 

Manne. Four species are known from Japan and SoutEl 
Australia, The species figured attains to a' length 


■ ‘ f J-onJCiCj. 

inches, and is esteemed as fdod. It is known at Melbourne 
by the names of “ Boar Fish ” or “ Bastard Dorey.” 



I’ig. 158, Histiopterus reciirvirostris. 

^ .ted_ Mouth veiy protructilo, and dosoendiog when Ihtu.t 
Oht. Eye rather largo. Ho canine teeth ; dentition feeble Jd ' 



^ ig. 169.~Gerres altispinis, from the mouth of the Gauges 

Ihe^wo divieion. of the doreM fin «e nearly 

SiAf Pr^operculum generaUy^ 

:So4W! denticulation. Lower phaiyngeal bones coalesint. 
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More than thirty species are known of this genus, which 
bear so close a resemblance to one another tliat their distinc- 
tion. is rather difficult. They live in the seas between the 
Tiopics, and some, perhaps all, of the species enter fresh 
water. Very rarely they exceed a length of ten inches ; 
nearly all have a plain silvery coloration. Tlie coalescence 
of their lower pharyiigeals renders tlieir systematic position 
rather uncertain, and, indeed, some Ichthyologists have referred 
them to the Phaiyngognaths. 

ScoLOPSis. — Body oblong, covered with scales finely serrated 
and of moderate size. Jaws nearly 
equal in length anteriorly ; cleft of the 
mouth horizontal. Teeth villiform, 
without canines ; palate toothless. One 
dorsal fin. Formula of the vertical 
fins : I), y A. Caudal fin forked. 

Praeoperculum distinctly denticulated ; 
infraorbital ring with a spine directed 

backwards. Branch iostegals, five. — infraorbital spine 

of Scolo2)si.s inonogi’anima.- 

Maiinc, and of small size. Tw'enty-fivc sj)ccics arc known 
fiom the tropical parts of tlie Indo- Pacific. JhteTOijnathodon 
is an allied genus, but without tlie infraorbital spine. 

Dentex.— Body oblong, covered with ctenoidscales of moderate* 
size. Cleft of the mouth nearly horizontal, with the jaws equal 
in length anteriorly. Canine teetli in both jaws ; palate tooth- 
less. One dorsal fin. Formula of the vertical fins: D. 

Caudal fin forked. Praioperculum without serrature ; 
praeorbital unarmed and broad, there being a wide space between 
the eye and the cleft of the mouth. Cheek covered by more 
than three series of scales. Branchiostegals, six. , 

Marine Fishes, rather locally distributed in the Mediter- ' 
ranean, on the south coast of Africa, in the Eed Sea, East. 
Indian Archipelago, and on the coasts of China and Jap^mv, 
fourteen species are known, some of which 



y,' J'lSHESr'-' "''V*:; - : 

weight of 30 lbs. and more tl,.,, f 
article of food where thev a f ^ ^ unimportant 

the Cepe of G Jd »> «”■ 

ranean (Z>. mdqaris) wand onnd in the Mediter- 

these fishes is r^thov t coloration of 

ie » ;.llie„ ^m“L“'a7l,ljVir 

«q«al in len^l f '““e«t.ol. «.h the j.wa • 

■pines t tiers,! u f „ “nlinne,,,, d„,„]_ 
fenn, with c»i„:.’ “IL “ “.i Teeth villi- 

e™et] ; prteoperenhim witliout or nitT infraorbital not 
I'ature. Cheek wifli fl»r • ' r* indistinct ser- 

M.™, »■ 

Wnfro,nthetr„,de:::,r;h:«^^^^^^ 

and . 

pedicles extending backwards / tJie intermaxillary 

■ntnnte teeth on'tw tLt 0 , 'Ir;:: , 1“‘" 

■pines D . ..A-,, Caioh,! (i„ r,,r,,.Tp““ "‘i- ' 
serrature. Branchiostegals six. ’ ^ without 
Small hslies from tliA i\ir..i‘#- 

«cients; valueless as food. 

•nail ciliated °M™fth°ver!''"'^[““'’.|“™''“‘‘ “'i" 

tpedieles extending l.ackwards y ‘he interinaxillatj. 

trilal. tiKitliles,. 0, dS s‘ I " °T"' 

«1. spinesi ana, .vi.^7i“'SS:r‘;.tT 7””^^ 
wrlhoa. serratn™. EntnchiosS, ^ 

from the Modi, em,;„,„, 

irSirJt.““::rr " '"““*<«■« -i-ete-f 

fe '/we ; . '»•'« « le- oblique, „i.h the ja*. 
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equal in length anteriorly, or with the lower somewhat projecting 
Teeth villiform; palate generally toothless. One dorsal, wit 
from nine to thirteen very feeble spines, with the anterior pai 
highest, and the posterior covered with minute scales. Caud? 
fin deeply forked. Prieoperculum without, or , with minut 
serrature. 

Small fishes from the Indo-Pacific. Twelve species. 

Erytiirichtjtys. — Eody elongate, covered witli small ciliate 
scales. Mouth very protractile, the pedicles of the intermaxillai 
extending to tlie occi})ut. Dentition quite rudimentary or entire, 
absent. Two dorsal fins connected by a series of very feeh 
spines ; also the anterior spines are feeble. Pr[eoperculum nt 
serrated. 



IGl. — Erythriclithys iiitidus. 



Small fishes from various tropical and temperate seiii 
Four species : the species figured occurs, but is not comni^ 





on the coasts of Western Australia, Tasmania, and J 
Zealand. - • 


tliP oblong, covered with small scales. Clef 

XToZ j- being the longer. T 

vdWorm without canines; teeth on the vomer and palal 

^ es. no dorsal, with eleven spines ; anal with three • cau 

denrallt'd mar^n^''"’"”" ^bt^us 

the J" ‘n ' fT' account 

excel ent flavour of their flesh. The first (0. macquariens^ 
called by the colonists “ Murray-Cod.” being plentiful in t 


,\V\\V, 






Fig. 164. -'n,e M,,rm.v.Co,l, 01 i,jorns iliac, pmricnsis. 


Murray Ever auj other rivers of South Australia It ott, 
T OO r^ T. “ 'voisht of rrel 

apuku. Its average weight is atout 45 lbs., but ocoosi, 

».rta..rtiele.ftra4e. 

-.^ appears that it would be better placed in a distinct genl 

■All the.S vilhfotm” moderate sizi 

: .p^atine bones. One dorsal fin wThT* ' vomer an 

rounded. I>«operculuL wiSiT^S^e^l::^^ 
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_ Dne species, from the fresh watei-s of the United State; 
(G, scilmonoides\ attains to a length of more than two feet 
known by the name of “Growler,” and eaten. 

^ |!A.RRiPfo. tody oblong, covered with scales of modorrite size 
mr the teeth villiform, without canines ; teeth on the vomer anc 
^ palatine bone.s. One dorsal fin, with nine sleiuha- spines ; ana' 
with three. Prajopercuhim deiiticidated. 



Fig. 165. — Arrijns mlar^ Soiitli Australia. 

Three species are known, iroiii tlie coasts of Southerr 
Australia and New Zealand. Tliey are named by the colom 
ists Salmon or Trout, from their elegant form and lively 
habits, and from the* sport they afford to the angler. Their 
usual size is from 1 to 3 lbs., but specimens of double that 
weight are taken. The smaller sjieciniens are the more deli- 
cate and better flavoured. When not fresh, they are liable 
to assume poisonous properties ; and cases of poisoning are 
not unfrequently caused by them. 

J Huro. — Body oblong, compressed, covered with scales of 
;>^/v*derate size. All the teeth villiform ; bones of the head 
[ without serrature. Mouth rather oblique, with the lower jaw 
projecting. Two dorsal fins, the first with six spines. 

The ‘'Black Bass” of Lake Huron (ITiiro nigricans). 

Ambassis. — Body short, strongly compressed, covered with 
large thin deciduous scales. Mouth oblique, with the lower jaw 
longest; teeth villiform, without conspicuously larger , canines ; 
teeth on the vomer and palatine bones. Two dorsal fins, the 
first with seven, the anal with three spines ; a horizontal J^ip0 
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pointing forwards in front of the dorsal fin. The lower limb 
of the prasoperculum with a double serrated margin. 

This genus -comprises the smallest of all Percoids, some 
of the species not much exceeding one inch in length. They 
are most abundant on the coasts of tlie tropical Indo- 
acific, and in the fresh waters belonging to tliat area. The 
species are numerous (some thirty having been described) 
and very difficult to distinguish. Their coloration is very 
plain, a silvery hue prevailing over the ivliole fish. ' 

cales.- Mouth oblique, with the lower jaw longest; teeth villi- 
■Torm, without canines; teeth on the vomer and palatine bones. 

spines P 

or both edges being serrated. Seven brancliiostegals. 

Altlioiigh of similarly small size, the fishes of this c^enus 
represent a more liighly developed form of the Percoid^type 
than Amhassis. Their distribution coincides very much with 



lig. 166. — Apogon freiiatus. 

ns, but they are chiefly marine, comparatively 
les entering fresh water. They belong to the.; 
which, from their habit, are termed “Coral . 
found in greatest abundance on, or in- the. 


tbat of Amhas 
%fe>, of the spe( 
,^ kmcl of ’fishes 
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neighbourhocid of, coral reefs, in company with Choetodonts, 
PomacentridcC, and otliers.* Their colours also are orna- 
mental and highly diversified, as is generally the case in 
coral fishes, the majority of the species showing transverse 
or longitudinal bands or large spots, and numerous other 
smaller markings which, in the dead fish, soon disappear. 
Nearly one Imndred species have been described, of which 
a few only occur in the i\.tlantic, one extending northwards 
into the M(^literranean. 

dvilodji'ptcTiiSy ^'icvopoiRd^ and Sco]i}l)voj)s are allied genera, 
but with canine teeth in one or both jaws. 

POMATOMLTS. — Body oblong, covcu’cd with scales of moderate 
size. Eye very large. All tlie teetli villiform, without canines ; 
teeth on tlie vomer and palatine bones. Two dorsal fins, the 
first with seven, dlie anal witli tw’o spim^s. No serration on 
any of the bones of the head. Brancliiostegals seven. 

One species only is known, ]\ td(\H(d}pvuTii^ whicdi grows 
to a length of nearly ^two feet. It is not uncommon in the 
Mediterranean and neighbouring parts of tlie Atlantic, but 
only occasionally caught, as it lives haliitually at a greater 
depth than any other Percoid as far as is known at present, 
probably at depths from 80 to 200 hithoms ; a habit siiffi- 
ciently indicated liy its exceedingly large eye. 

. PlllAOANTiii'S. — Body short, compressed, covered with small 
rough scales, wliich extend also over the short snout. Lower 
jaw and chin prominent. Eye large. All the teeth villiform, 
without canines ; teeth on the vomer and palatine bones. One ' 
dorsal fin with ten sj)ines, anal Avith three. Pneoperculum ser-d 
rated, Avith a more or less prominent, flat, triangular spine at : 
the angle. 

A very natural genus, easily recognised, and without 
direct relation to the other Percoid genera. The species, 
wliich seventeen are known, are spread over nearly all th^';t| 
. trppical seas, and belong to the more common fishes, 
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scarcely exceed a length of twelve inches, 'Wdj 
fornily coloured, red, pipk, and silvery prevailing! 

The following- three genera form a group by themselv 
lowever, is defined rather by its geographical lin . 
similanty of general appearance tlian l,y distinctive ana. 
c laiacters. The species are abundant in the fresh rv ' 

rite ■ ir' 

shes. Ihey rarely exceed a length of six inclies and ai 

nol „s«l a, tel Tl,„ „f 

"““pressed, with scales of moderate 

anal w.il, tl.re, apinoa P,„„p.„„l„„, TpeLum 

h a rounded membranaceous coloured lobe behind 

v,.;.p ,rr‘ ziinr: 

mhuteVtm-atS“' 'o entire 0” 

coloured lobe bchiiul rounded membranaceous 

A Kokth Ameuican Freshwater genus, Aphredoderr. occu- 
pies a pertoly isolated position-in the system, and is evidently 
ype of a distinct family. It resembles the “ Sun-fishes ” 

te •« “» « “I 

■wh‘ -h ' situated in front of thb ventrals 

>ch are composed of more than five soft rays. The body is 
0 ong, compressed, covered mth ctenoid scales. The dorsal 
IS single, and has three spines in front. Infraorbital and 
|)raoperculum with spinous teeth. Villiform teeth in the 
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jaws, on the voiuer and palatine bones, ji. snyanus from the 
southern streams and fresh waters oUhe Atlantic States. 

To complete the list ot Percoid genera, we liave to mention 
the following Niphmi, Aprion, Apsilus, 

PcTitacGTOSj Vcl%f&v, Dctt'iiioidcSj l*crc'ili(i ^ JAOiiopcrcti, 


Second Family — Squaimumnnes. 

Bod7j compressed and elevated, covered with scales, either 
finely ctc7ioim or smooth. Lateral hue eontinuoiis,not eontimivd 
over the candal Jin. Mouth in front of the snout, (jenerally 
small, with lateral cleft. Eye lateral, of moderate size. Sir or 
seven hramhiostegals. Teeth villiform or setiform, in hands, 
without canines or incisors: Dorsal Jin eonsistmg of a spmous 
and soft portion of nearly equed development ; anal with three 
or four spmes, similarly developed as the soft dorsal, both being 
many •‘rayed. The vertical fins 'more or less densely covered with 
small scales. The lower rays of the pectoral fin branched, 7 wt 
enlarged y ventrals thoracic, with one spine and jive soft 7 ’ays, 
Stomach coecal. 

The typical forms of this family are readily recognised by 
the form of their body, and by a peculiarity from which they 
derive their name Squamignrmes ; tlie soft, and frecpiently 
also the spinous part of tlieir dorsal and anal tins are so 
thickly covered witli scales that tlie boundary between fins 
and body is entirely obliterated. Tlie majority are inhabit- 
ants of the tropical seas, and abound chiefly in the neigh- 
bourhood of coral-reefs. The beauty and singularity of distri- 
bution of the colours of some of the genera, as Chcetodon, ■ 
Heniochus, Ilolacanthus, is scarcely surpassed by any other 
group of fishes. They remain within small dimensions, and 
Comparatively are used as food. They are carnivorous, 
feeding on small invertebrates. Only a few species enter 
brackish water* > 
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Extinct representatives of this family are not scarce at 
Monte Bolca and in other tertiary formations. All, at least 
those admitting of definite determination, .belong to existing 
genera; vi^. Holacanthus, Pomacantlms, Ephipinum, Scato- 
^liagus. Very singular is the occurrence of Toxotes in the 
Monte Bolca strata. 

The following genera have no teeth on the palate : — 

CHiETODON. — One dorsal fin, without any notch in its upper 
margin, and with the soft and spinous portions similarly developed; 
none of the spines elongate. Snout short or of moderate length. 
Prseoperculum without, or with a fine, serration, and without spine 
at the angle. Scales generally large or of moderate size. 

Seventy species are known from the tropical parts of the 
Atlantic and Tiido-Bacific, nearly all Ijeing beautifully orna- 
mented with bands or spots. Of the ornamental markings a 
dark or bicoloured l)and, passing through the eye and ascend- 
ing towards the Ixxck, is very generally found in tliese fishes ; 
it frequently occurs again in other marine Acanthoptery- 
gians, in which it is not rarely a sign of the immature 
condition of the individual. The Cluetodonts are most 



Fig. 167. — Cha3todoii ephippium. 

in the neighbourhood of the coral-reefs of the Indo- 
^|^|P|^fl9y.'the species figured (C'. being aa copimon. 



SQTJAMIPINNESv 399 

in the East Indian Archipelago as in Polynesia, like many 
others of its congeners. 

Chelmo differs from Chcctodon only in' having the snout 
‘produced into a more or less long tube. 

Only four species are known, locally distributed in the 
tropical seas. Ch, rostrafvs, the oldest species known, is 



Fig. 1C8. — Clieliiio iiiarginalis, IVoiii tlie coa.st of Australia. 

said to have the instinct ot throwing a drop ot water from 
its bill so as to light upon any insect resting on a leaf, 
and thus make it iall, that it may instantly dart upon it. 
Tliis statement is erroneous, and probably rests ui)on the 
mistaken notion that the long bill is especially adapted foi 
this manauivre, which, indeed, is practised by another fish 
of this fiimily {Toxoies), The long slender bill of Chelmc 
(which is a true saltwater fish) rather enables it to draw from 
holes and crevices animals which otherwise could not be 
reached by it, 

Heniochus. — One dorsal, with from eleven to thirteen spmes^ 
the fourth of which is more or less elongate and filiform. 
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rather short or of moderate length. Prseoperculum without spine. 
Scales of moderate size. ^ ’ 

Four species are known from the tropical Indo-Pacific. 
H. macrolepidotm is one of the most common fishes of that 
area; the species figured {IT. varius) retains in a conspicuous 



Fig. 169. — Heiiioclms varius. 


manner horn-like protuberances on bones of the head, with 
which the young of all the species of this genus seem to be 
armed. 

Holacanthus.— Pricopercuhim with a strong spine at the 
angle. One dorsal, with from twelve to fifteen spines. Scales of 
moderate or small size. 

Forty species are known, which, in their geographical 
distribution accompany, and are quite analogous to, the 
Chajtodonts. One of the most common and most beautiful 
is, caUed “Emperor of Japan” by the Dutch, which name 
has been adopted by Bloch for its specific designation, 
m^ntkm imperator. Its body is blue, longitudinally tra- , 
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versed by about thirty yellow bands ; the ocular band, and 
the- side behind the head, are black, edged with yellow ; the 
caudal fin is yellow. It is a large species of this genus, some- 
times attaining a length of 15 inches, and as an article of 
food is one of the most esteemed oi‘ all the Indian species. 
With regard to beauty of colours it is surpassed by another 
allied species, IL diamntlius, which likewise ranges from the 
east coast of Africa to Polynesia. 

PoMAOANTHUS differs from Holacanthus in having from eight 
to ten spines only in the dorsal fin. 

The single species {P. 'parti) on wliicli this genus is founded 
is one of tlie most common fishes of the West indies, and 
offers one of the most remarkalde instances of variation of 
colour within the limits of the same species : some specimens 
being ornamented with more or less distinct yellowisli cross- 
bands, others witli yellow crescent-sliaped spots ; in others 
black spots predominate. 

ScAToriiAGUs. — Two dorsal fins, united at the base, the first 
• with ten or eleven spines ; only the second is scaly. A recum- 



Fig. 170.— Scatophagus nmltifasciatiis. 

bent spine before the dorsal, pointing forwards. Anal with four ' 
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spiiies. Snout rather short. Prseoperculum without spine, 
Scales very small. 

, Four species are known, from the Indian Ocean, of which 
S, argus is the most generally known, in fact, one of the most 
common Indian sliore-fishes. It freely enters large rivers, 
and is said not to be particular in the selection of its food. 
The species figured {S, re])resents S. argus on 

the coasts of Australia. 


Ephippus. — S nout short, Avitli tlie upper profile parabolic. 
Dorsal fin deeply emarginate between the spinous and soft portions, 
the former witli nine spines, the third 
of wliich is rather elongate, and flexible ; 
spinous portion not scaly ; anal spines 
three. Pectoral fin short. Prieoper- 
culum without spine. Scales of moderate 
size, or rather small. 

Two or three species are known 
from the warmer ])arts of the Atlantic 
and Indian Oceans. The Atlantic 
species -(7^'. faher) shows the remark- 
able peculiarity that in old specimens 
(12 and more indies long) the occi- 
jiital crest, and sometimes some of the 
anterior neural and luemal spines are 

cranial bones of Ephippus. enoiiiiously enlarged into a globular 
a, Enlargement of the frontal, boiiy iiiass. This caii hardly be 

bones’; pi patliological change of 

turn; (7, basis cranii. i nat. the boiie, as it has been found* in all 
old specimens, without exception. 
Drepane is allied to Ej)lvvpims^ but has very long falciform 
pectoral fins. The single species D, 'punctata is common in 
the Indian Ocean and on the coasts of Australia. Hypsinotus, 
from Japan, appears to inhabit a greater depth than the 
Other Squhmipinnes. 

s i Scorpis and Atypichthys are genera distinguished from the 
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preceding by the presence of vomerine teeth. They belong 
to the coast-fauna of Australia, New Zealand, and Chili. 

Toxotes. — Body short, compressed, covered with scales of 
moderate size. Snout pointed, with a wide lateral mouth and 
projecting lower jaw. One dorsal, with five strong spines 
situated on the posterior part of the back ; the soft portion and 
the anal fin scaly, the latter with three spines. Villiform teeth 
in the jaws, on the vomer and palatine bones. Scales of moder- 
ate size, cycloid. 

Two species are known IVoni the East Indies, one {T, 
jacidator), which is the more common, ranging to the north 
coast of Australia. It has received its name from its habit of 
throwing a drop of water at an insect which it ])(}rceives close 



to the surface, in order to make it fall into it. The Malays, 
who call it ‘Mkan sumpit,’’ keep it in a bowl, in order to 
witness this singular habit, wliich it continues even in 
captivity. 

Third Family — Mullida^. 

Body rather loiv and slightly com'prcssed, covered with large 
thin scales, without or with an ei:rtreniely fine serrature. Two 
long erectile barbels are susperuied from the hyoid, and are re- 
ceived between the rami of the lower jaw and opercles. Lateral 
line continuous. Mouth in front of the snout, with the deft: 
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lateral and rather short ; teeth very feeble. Eye lateral, of 
moderate size. Two short dorsal Jins remote from each other, 
the first loith feeble spines ; anal similar to the second dorsal. 
Ventrals with one spine and five rays. Pectorcds short. Bran- 
chiostegals four ; stomach siphoned. 

The “ Eed Mullets ” form a very natural family, which, on 
account of slight modifications of the dentition, has been 
divided into several sulvgenera — Upeneoides, UpcncicMhys, 
Midlus, Mulloides, and Uyeneus. They are marine fishes, but 
many species enter brackish water to feed on tlie animalcules 
abounding in the flora of brackwater. About forty different 
species are known chiefly from tropical seas, the European 
species (if. barbatus, see p. 43, Eig. 7), extending far north- 
awards into the temperate zone. None attain to a large size, 
specimens of from two to - three lbs. being not common, but 
all are highly esteemed as food. 

The most celebrated is the European species (of wliich 
there is one only, M. surrmdetus being probably the female). 
The ancient Eomans ciilled it 3fidliis, the Greeks rptyXrj. 
The Eomans priced it above any other fish; they sought for 
large specimens far and wide, and paid ruinous prices for 
them. 

‘‘ Mullus tibi quatuor emptus 
Librarum, coeniu pompa caputque fuit, 

Exclamare libet, non est hie improbe, non est 
Piscis : homo est ; homineni, Calliodore, voras/’ 

Martial, x. 31. 

Then, as nowadays, it was considered essential for the 
.enjoyment of t!(iis delicacy that the fish should exhibit the 
:red colour of its integuments. The Eomans brought it, for 
purpose, living into the banqueting room, and allowed it 
^^:die in the hands of the guests, the red colour appearing in 
> hriUiancy during the death struggle of the fish. The 
[l^eOTeiif of our times attain the same object by scalinfi? the; 
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fish immediately after its capture, thus causing a permanent 
contraction of the chromatophors containing the red piginent 
(see p. 183). 

Fourth Family — SPAR iUiiL 

Body compressed, dblony, covered with scales, the sewahireof 
which is very minute, and sometimes altoyether ohsenL Mouth 
in front of the snout, with the cleft IcdcraL Eye lateral, of 
moderate size. Either cuttiivj teeth in front of the jaws, or 
molar teeth on (he side ; palate ycncrcdly toothless. One dorsal 
fin, formed hy a spinous and soft portion of nearly eepial 
development. Anal fin with three spines. The lower rays of 
the pectoral fin are ycnerally hranclied, hut in one genus simple. 
Ventrals thoracic, with one spine and five rays. 

The “ Sea-breams ” are recognised chiefly by their denti- 
tion, which is more specialised than in the preceding families, 
and by which the groups, into wliich this family has been 
divided, are cliaractcrised. They are inhabitants of the sliores 
of all the tropical and temperate seas. Tlieir coloration is 
very plain. They do not attain to a largo size, but the 
majority are used as food. 

The extinct forms found hitherto are ratlier numerous; 
the oldest come from the cretaceous formation of Mount 
Lebanon; some belong to living genera, as Sargus, Pagcllus ; 
of others from Eocene and Miocene formations no living 
representative is known — Sparnodus, Sargodon, Capitodus, 
Soricidens, Asima. 

First Group — Cantharina . — More or less broad cutting, 
sometimes lobate, teeth in front of the jaws; no molars or 
vomerine teeth; the lower pectoral rays are branched. Partly 
herbivorous, partly carnivorous. The genera belonging to 
this group are: — Cantharus from the European and South ^ 
African coasts, of which one species {G. lineatus), is common,,, 
oh the coasts of Great Britaiij^ and locally known by 'tW|:; 
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names “Old Wife,” “Blacb Sea-bream;” Box, Scathams, and 
OUata hom the Mediterranean and neighbouring parts of the 
Atlantic ; and Tripterodon from the Indian Ocean • 

Pachymetopon, Bipterodon, and Gymmcrotaphm from the Cape 



Fig. 173.— Teplincops rich.ardsoiiii, from King George’s Sound. 

of Good Hope ; CArdla and Tcphraops from Clunese, Japanese, 
and Australian Seas; Boydixodon hom the Galapagos Islands 
and the coasts of Peru. 


Seemd Group— mqjlodactylina.~ln both jaws flat and 
genera y tricuspid teeth ; no molars ; vomerine teeth The 
lower pectoral rays simple, not branched. Vegetable feeders 
Only one genus is known, Haplodactylus, from the temperate 
zone of the Soutliern Pacific. 


^ Thtrd Group— Saryina.—Jasvs with a single scries of 
incisors in front, and with several series of rounded molars on 
the side. One genus is known, Bargm, which comprises 
wenty species ; several of them occur in the Mediterranean 
and the neighbouring parts of the Atlantic, and are popularly 
e argo, Sar, “ Saragu names derived from the 
. woid Sargus, by which name these fishes were well known 

i of the largest species 

TT -f o from the coasts of the 

Umted States, which attains to a weight of 15 lbs., and is 

ghly esteemed on account of the excellency of its flesh. 
S^^ar^y enough, this genus occurs also oh the east coast of 
,-,^fnca, one of these East- Afijcan species being identical with 
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S, nod from the Mediterranean. These fishes evidently feed 



Fill. 174.— The Sheep’s-head, Sanjus avis, of Nortli Aiiievica. 


on hard-shelled animals, which they ernsh witli their molar 
teeth. 

Fourth Orov^ — rnt/rina . — daws witli conical teeth in 
front and molar teeth on the si<les. Keedins, as the preced- 
ing, on hard-shelled animals, like !Molhisks and Crustaceans. 
This group is composed ot several genera : 

Lethrinus.— Checks scalelcss. Body olilong, covered with 
scales of moderate size (L. lat. 45-5(1). 

Canine teeth in front ; lateral teeth 
in a single seiies, broadly conical or 
molar-like. Formula of the tins: 

D. V, A. f. 

More than twenty species arc 
known, all of which, with one excep- 
tion, occur in the tropical Indo- 
Pacific. The specic.s, fonniiig this 

exception, occurs, singularly enough, 

on the west coast of Africa, where more tlian one Indian 
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Some Lethmni 


reappears in isolated representative species 
attain to a length of three feet. 

Sphcerodmi is closely allied to LetTirinuSy but has scale 
the cheek. One species from the Indo-Pacific. 

Pagrus. — Body oblong, compressed, with scales of modi 
size. Several pairs of strong canine-like teeth in both ja\ 
molars arranged in two series. Cheeks scaly. The spines of 


dorsal fin, eleven or twelve in number, are sometimes elongata^ 
and can be received in a groove ; anal spines three. 

Thirteen species are known, chiefly distributed in the 
warmer parts of the temperate zones, and more scantily repre- 
sented between the tropics. Several species (P. vulgaris^ 
P, aiifigct, P. hocagii) occur in the Mediterranean and the 
neighbouring parts of the Atlantic; one (P. argyrogjs) is well 
known on the coasts of the United States under the names of 
‘‘ Scup,” “ Porgy,” or “Misheup,” and one of tlie most important 
food fishes, growing to a length of 18 inches and a weight of 4 
lbs.; another (P. unicolov) is one of the best-known sea-fishes 
of Southern Australia and New Zealand, where it is called 
Snapper ; ” it is considered very good eating, like all the 
other species of this genus, and attains, like some of them, a 


length of more than 3 feet and a weight exceeding 20 lbs. 


Pagellus. — Body oblong, compressed, with scales of moderate 
size. Jaws without canines ; molars on the sides arranged in 
several series. Cheeks scaly. The spines of the dorsal fin, 
from eleven to thirteen in number, can be received in a groove ; 
anal spines three. 


Seven species are known, the majority of which are Euro- 
'pean, as P. erythrinus, common in the Mediterranean, and not 
I'^rare on the south coast of England, where it is generally 
itemed “Becker;” P centrodontiis, the common “Sea-bream” 
th^ English coasts, distinguished by a black spot on the 
; the lateral line ; in the young, which are called 

” ‘by Cornish and Devon fishermen, this spot" is absent ; 
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P. oloenii, the “ Axillary or Spanish Sea-Bream,” likewise 
from the British coasts. Pagellus lithognathus, from the coasts 
of the Cape of Good Hope, attains to a length of four feet, 
and is one of the fishes which are dried for export and sale 
to whalers. 

Chrysophrys. — Body oblong, compressed, with scales of 
moderate size. Jaws with four or six canine teeth in front, and 
with three or more series of rounded molars on each side. Cheeks 
scaly. The spines of the dorsal fin, eleven or twelve in number, 
can he received in a groove ; anal spines three. 

Some twenty species are known from tropical seas and 
the Avarmer parts of the temperate zones. Generally known 
is Ch. anrcUa, from the Mediterranean, occasionally found on 
the south coast of England, where it is named “ Gilthead.” 

The Erencli call it “ Daurade,” no doubt from the Latin Aurata, 
a term applied to it by ancient authors. Tlie Greeks named 
it Chrysophrys (;ie, golden eyebrow), in allusion to the bril- 
liant spot of gold which it bears between its eyes. According 
to Columella, the Aurata was among the number of the fishes 
brought up by the Romans in their vivaria ; and the inventor 
of those vivaria, one Sergius Grata, is suj^posed to have derived 
his surname from this fish. It is said to grow extremely fat 
in artificial ponds. Duhamel states that it stirs up the sand 
with the tail, so as to discover the shell-fish concealed in it. 

It is extremely fond of mussels, and its near presence is 
sometimes ascertained l)y the noise which it makes while 
breaking their shells witli its teeth. Several species found on , 
the Cape of Good Hope attain to as large a size as Pagellus 
lithagnailms, and are jmeserved for sale like tliat species. 
Chrysoi^hrys liastxi is one of the most common species of the 
East Indian and Chinese coasts, and enters large rivers. ' ; 

Fifth Groui^—Pimelcpterina. — In both jaws a single ' 
anterior series of cutting teeth, implanted by a horizontal 
posterior process, behind which is a band of villiform teet^4 ^,V. 
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Villiform teeth on the vomer, palatines and the tongue. 
Vertical fins densely covered with minute scales. Only one 
genus is known, PimelepteruSy with six species from tropical 

seas. These fishes are sometimes 
found at a great distance from 
tlie land. 

Fifth Family — Hoplognathid^. 

Body (‘oin f ressed. and elevated^ 
covered toith very small ctenoid 
scedes. Lateral line continumis. 
The hones of the jaws have a sharp 
dcntlyerous edye, as in Seams, 
Fig. 176. -Teeth of Hoplogiiatluis. yy,,, conspieilOUS, 

being co7itinv.ons vnih the hone, forming a more or le^ss 
indistinct serrat nre ; no teeth on the palate. The spinous 
portion of the dorsal fin is rather more developed than the soft; 
the spines strong ; anal vnth three spmes, similar to the soft 
dorsal. Ventreds thoraeie, 'wilh one spine and five soft rays. 

One genus only is known, Hoplognathus, with four species 
from Australian, Japanese, and Peruvian coasts. 

Sixth Family— Cikriiitidh^. 

Body ohlong, eompressed, covered with cycloid scales; lateral 
line continuous. Mouth in front of the snout, with lateral 
cleft. Bye latercd, of moderede size. CheeJes without a hony stay 
for the prccoperculmn. Generally sic, sometimes five or three 
hranchiostegeds. Dentition more or less complete, composed of 
small pointed teeth, sometimes with the addition of canines. 
One dorsal fin, formed hy a spinous and soft portion, of nearly 
egual development, Ancd with three sihnes, generally less 
> developed than the soft dorsal. The lower rays of the pectoral 
simple and generally enlarged ; ventreds thoracic, hut remote 
\jfrom (he root of (he pectorals, with one spi,ne and five rays,. 
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The fishes of this family may he readily recognised by 
their thickened, undivided lower pectoral rays, which in some 
are evidently auxiliary organs of locomotion, in others, 
probably, organs of touch. Tliey differ from tlie following 
family, the Scorpicnida}, in lacking the bony connection 
between the infraorbital ring and the prteoperculum. Two 
groups may be distingiiislied in this family, wliieli, however, 
are connected by an intermediate genus {(JJiironcmu^i), The 
first, distinguished by the presence of vomerine teeth, consists 
of Cirrhites and CJtorincmm, small prettily coloured fishes. 
The former genus is peculiar to the Indo-Pacific, and con- 
sists of sixteen species ; the second, with three species, 
seems to be confined to the coasts of Australia and New 
Zealand. The second group lacks the vomerine teeth, and 
comprises the following genera : — 

Chilodactylus. — One dorsal fin, with from sixteen to nineteen 
spines ; anal fm of moderate length ; caudal forked. One of the 
simple pectoral rays more or less prolonged, and projecting be- 
yond the margin of the fin. Teeth in villiform bands ; no canines. 
Prseopcrculum not serrated. Scales of moderate size. Air- 
bladder with many lobes. 



Fig, 177 . — CJiilodcictylus macropterm, from Australia. 


Seventeen species are known, chiefly from the temperate 
parts of the* Southern Pacific, and also from the coasts of 
Japan and China. They belong to the most valuable footle 
fishes, as they grow to a considerable size (from five to 
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twenty -five lbs.), and are easily caught in numbers. At/' 
the 'Cape of Good Hope they are very abimdant, and preT 
served in large quantities for export. 

. McTulosoma from the coast of Chili, and Nemadmtylusl 
from Tasmania, are allied genera. j 

Latris.— Dorsal fin deeply notched ; the spinous portion witli 
seventeen spines ; anal fin many-rayed. None of the simple ( 
pectoral rays passes the margin of the fin. Teeth villiform ; no '' 
canines. Prseoperculum minutely serrated. Scales small. , 

Two species only are known from Tasmania and New ^ 
Zealand, which belong to the most important food-fishes of 
the Southern Hemisphere. Zah-is hccatcia or the “Trumpeter ” 
ranges from sixty \to thirty lbs. in weight, and is con- 
sidered by the colonisr,s tlie best fiavoured of any of the fishes 
of South Australia, T^ismania, and New Zealand and con- 
sumed smoked as well as fresli. The second species, Latris - 
cilmris, IS smaller, scarcely attaining a weight of twenty 
lbs., but more abundant ; it is confined to the coast of 
New Zealand. 


Seventh Family — S coRPHiiNiD.ii:. 

Body oblomj, more or less compressed, covered ivith ordimry 
scales, or naked. Cleft of the mouth lateral or subvertical. 

Dentition feeble, con- 
sistiiKj of villiform 
teeth ; and generally 
vnthoid canines. Some 
bones of the head 
armed, especially the 
angle of the prceoper^ 

V ^ ^ cidnm, its armature 

y?i^. 178.— Skull of Scorpeena percoides ; so, Sub- 'i'CCeiving additional 

- ' (connecting it with fhe 

(ff^Anng. The ^nms portvm of tlw dorsal fin eg^ 
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or more develo;ped than tiu soft and than the anal, Ventrah 
^ thoracic, generally with one spine and five soft raySy sometimes 
rudimentary, , 

This family consists of carnivorous marine fishes only ; 
some resemble the Sea-Perches in form and habits, as 
^ Sehastes, Scorp)m'na, etc., whilst others live at tlie bottom 
of the sea, and possess in various degrees of development 
those skinny appendages resembling tlie fronds of seaweeds, 
by which they either attract otlier fishes, or by which they 
are enabled more eflectually to hide themselves. Species 
provided with those appendages have generally a coloration 
resembling that of their surroundings, and varying with the 
change of locality. Tlie habit of living on the bottom has 
also developed in many Scorpamoids separate pectoral rays, by 
means of \#iich they move or feel. Some of the genera live 
at a considerable dejith, but apparently not beyond 300 
fathoms. Nearly all are distinguislied by a powerful armature 
either of the head, or fin spines, or both ; and in some the 
spines have lieen developed into poison organs. 

The only fossil re])resentative known at jiresent is a 
species of Scotpcena from the Eocene of Oran. 

Sebastes. — Head and body compressed ; crown of the head 
scaly to, or even beyond, the orbits j no transverse groove on 
the occiput. Body covered with scales of moderate or small si^e, 
and without skinny tentacles. Ein-rays not elongate ; one dorsal, 
divided by a notch into a spinous and soft portion, with twelve 
or thirteen spines ; the anal witli three. No pectoral appendages^ 
Villiform teeth in the jaws, on tlie vomer, and generally on the 
palatine bones. Vertebnc more than twenty-four. 

About twenty species arc known, jirincipally from seas of 
the temperate zones, as from the coasts of Northern Europe: 
fS, norvegicuSf S, viviparus), of Japan, California, New Zealand, 
and Van Diemen’s Land. All seem to prefer deep water tgi: 
the surface, and macrochir ha& been obtaitied 
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depth of 345 fathoms. la their general form they resemble 
the Sea-Perches, attain to a weight- of from one to four lbs 
• and are generally esteemed as food. 

ScoRPA’NA —Head large, slightly compressed, generally with a 
ransverse naked depression on the occiput; bones of the head 
a med with spines, and generally with skinny tentacles. Scaled 
of moderate size. Mouth large, oblique. ViHifo™ teeth in the 
jaws, arid at least on the vomer. One dorsal, A V 

PectoraJ fins without detached rays, large, rounded, ivith the 






Fig. 179.— Head of Scori.a.n,a i.ercoide.s, irom New Zealand. 

About forty species are known from tropical and sub- 
tropical seas. They lead a .sedentary life, lying l.idden in the 
sand, or between rocks covered with seaweed, watchimr for 
their prey, which chiefly consists of small fishes. ?heir 


Sst. ■ 






V, ^ from the coasts Of 

strong tmdivided pectoral rays aid them jn burrowing in the 
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sand, and in moving along the bottom. The type of their 
coloration is very much the same in all the species, viz. an 
irregular mottling of red, yellow, brown, and black colours, 
but tlie distribution of tliese colours varies exceedingly, not • 
only in the same species luit also in the same individuals. 
They do not attain to any considerable size', ])rol)a1)ly never 
exceeding a length of 18 inches. Their flesh is well flavoured. 
Wounds inflicted by their fin-spines are exci^edingly ])ainful, 
but not followed l)y serious consequences. 

Glyptaucheii and LioseorjmiH are genera closely allied to 
Scorpama, from Australian s(?as. 

Sctarches is also allied to the preceding genera, and [)ro- 
vided with very large eyes, in accordance with the depth 
(215 fathoms) which the two ^ giown at ])resent 
inhabit; oi^ has been found neg o J , tlu^ other iiear 
the Fidji Islands. ^ ^ ^ 

Pterois. — Head and l)ody ’ j^^essed ; scales of small or 
moderate size. Bones of the head armed with num(‘roiis spinous 
projections, between whicli often skinny tentacles are developed. 

The dorsal spines and pectoral rays are more or less j)rolonged, 
passing beyond the margin of the connecting mem])rane. Twelve 
or thirteen dorsal spines. Villiform teeth in the jaws and on 
the vomer. 

Nine s])ecies are known from tlie tropical Indo-Pacific. 
They belong to the most singularly formed and most beauti- 
fully coloured fislies of the Troj)ics, and formerly were 
believed to be able to fly, like Dactylopterus. But the 
membrane connecting their pectoral rays is much too short 
and feeble to enable them to raise themselves from the 
surface of the water. 

Apistus. — Head and body compressed, covered with ctenoid 
scales of rather small size. Some bones of the head, and 
especially the praeorbital, are armed with spines. One dorsal ^ 
with fifteen spines ; the anal with three. The pectoral fin is ; s 
elongate, and one ray is completely detached from the 
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Villiforrn teeth in the jaws, on the vomer, and palatine bones. 
Air-bladder present. A cleft behind the fourth gill. 

Two species from the Indian Ocean. • These fishes are 
very small, but of interest on account of the prolongation of 
their pectoral fins, which indicates that tliey can take long 
flying leaps out of the water. However, this requires confir- 
mation by actual observation. 

Agriopus. — Head and body compressed, scaleless ; head with- 
out any, or with very feeble, armature. Cleft of the mouth 
small, at the end of the produced snout. One dorsal fin, which 
commences from the head, the spinous portion being formed 
by from seventeen to twenty-one strong spines ; anal short. 
Villiforrn teeth in the jaws, generally none on the vomer. 

Seven species. This singular genus is peculiar to the 
temperate parts of the South Pacific, occurring at the Cape, 
on the coast of South Australia, and Chili. ♦The largest 
species (A. towns) attains a length of two and a half feet. 
Nothing is known of its mode of life. 

Synanceia. — General appearance of the fish, especially of the 
'head, monstrous. Scales none ; skin with numerous soft warty 
protuberances or filaments. Mouth directed upwards, wide. 
Eyes small. From tliirteen to sixteen dorsal spines ; pectoral 
fins very large. Villiforrn teeth in the jaws, and sometimes on 
the vomer. 

Four species are known from the Indo- Pacific, of which 
S. horrida and S. verrucosa are the most generally distributed, 
and, unfortunately, the most common. They are justly feared 
on account of the great danger accompanying wounds which 
they inflict with their poisoned dorsal spines, as has been 
already noticed above, p. 191.* The greatest length to which 
they attain does not seem to exceed eighteen inches. They 
very voracious fishes, and their stomach is of so great a 
; '^capacity that they are able to swallow fishes one- third, of 
Jtheir own bulk. 

— Head and body strongly compressed, short, and; 
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deep ; no scales, bpt the skin is covered with minute tubercles. 
Snout very short, with nearly vertical anterior profile. Prse- 
orbital, prae- and inter-operculum with spines on the edge. 
Dorsal fin with seven or eight, anal with two spines. Pectorals 
short, ventrals rudimentary. JaAvs with villiform teeth. 

These fishes belong to the smallest ol Acnntliopterygians, 
scarcely exceeding inches in lengtli. Two species are 
known, which are rather common on tlie coral reefs of the 
Pacific. 

Chobismodactylus. — Head and body rather compressed, scale- 
less, with skinny flaps. Bones of tin; head with prominent 
ridges; the pra3orbital, pimoperculum, and operculum armed; 



Fig. 181. — Cliorlsinodactylus niultibiirbis. 


a depression on the occiput. One dorsal fin, with thirteen 
spines ; the anal with two. Three free pectoral appendages. 
Ventral fins with one spine and five rays. Villiform teeth in 
the jaws only. 

, Only one small sjiecies, Ch, ruidtiharMs, is known, froni 
the coasts of India and China. 

To complete the list of Scorpsenoid genera, we have to > 
inention TcEnianotus^ Centropogon^ Peiitarogey TetrarogCy Pro-^ 
sopodasySy AploactiSy Trichopleuray Hemitri^ter'iiSy Minovs C ; 

Pelor, ^ ^ 
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Eighth Family — NandidJ!e. 

Bo^y oblong, compressed, covered with sccdes. Lateral line 
interrupted. Dorsal fin formed by a spinous and soft portion, 
the number of spines and rays being nearly equal ; anal fin with 
three spines^ and with the soft portion similar to the soft dorsal. 
Ventral fins thoracic, with one spine, and five or four rays. 
Dentition more or less complete, but feeble. 

This small family consists of two very distinct groups. 

A. Plesiopina, Marine fishes of small size, with pseudo- 
branchiie and only four ventral rays. Blcsioys from the coral- 
reefs of the Indo-Pacihc, and Trachinops from the coast of 
New South Wales, belong to this group. 

B. Nandina. Fresliwater fishes of small size from the 
East Indies, witliout pseudobranchiie, and five vdntral rays. 
The genera are Badis, Naiuhis, and Catopra. 

Ninth Family — P oLYCENTPJDyE. 

Body compressed, deep, scaly. Lateral line none. Dorsal 
and anal fins long, both with numerous spyines, the spinous 
portion being the viore developed. Ventrals thoracic, ivith one 
spine and Jive soft rays. Teeth feeble. Pseudobranchim 
hidden. 

Only two genera, each represented by one or two species 
in the Atlantic rivers of Tropical America, Polyeentrus and 
Monocirrhus, belong to this family. They are small insecti- 
vorous fishes. 

Tenth Family — Teuthidid^. 

Body ^oblong, strongly compi^essed, covered with very small 
smles. Lateral line continmus. Eye lateral, of moderate size, 

single series of cutting incisors in each jav) ; palate tooth- 
dorsal fim, the spinous portion being the more deve-^ 
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loped ; anal with seven spines'. 'Ventral fins thoracic , with an 
outer and an inner spine, and with three soft raps hetween. 

This family consists of. one very natural genus, Teuthis, 
readily recognised by the singular structure of tlie fins. In 
all the species the fin-formula is 1). } •}. A. J,. The inci- 
sors are small, narrow, and provided with a serrated edge. 
The air-bladder is large, and forked anteriorly as -well as 
posteriorly. Their skeleton sliows several peculiarities : tlie 
number of vertebrte is twenty-three, ten of wliicli belong to 



Fig. 182. — Teiit}ii.s iiebulo.sa, Indian Ocean. 


the abdominal portion. The abdominal cavity is siiiToiinded 
by a complete ring of bones, tlie second ]>iece of tJie coracoid 
being exceedingly long, and extending along the wliole length 
of the abdomen, where it is joined to a spinous proc( 3 SS of the 
first interhcCmal. The pubic bones are slender, long, firmly 
attached to each otlier, witliout leaving a 1‘ree space between 
them. Tliey are fastened by a long process which passes the 
symphysis of tlie radii, and extends on to that of the humeri. 

Thirty species are known, all from the Tndo-Pacific ; but 
they do not extend eastwards beyond 140° long., or to the 
Sandwich Islands. They are lierbivorous, and do not exceed 
a length of fifteen indies. 

Second Division — Acanthopterygh Beryciformes. ’ 

Body compressed, ohloTig, or elevated ; head with larMti 

vvc:. -■'./■'A ■. .. . 
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miiciferoiis cavities which arc* covered with a thin shin. Ven- 
tral fins thoracic, with one spine and more than five soft rays 
{in Monocentris with two onhj)\ 

One family only belongs to tliis division. 

Family — BE ii^ciDyi:. 

Bpdp short, vnth ctenoid scales, which are rarely ahsent. 
Eyes lateral, large {eoxept Melampliaes). Cleft of the month 
lateral, ohliqne ; jaics with villi form teeth ; predate generally 
toothed, Operc'idar hones more or less armed. Eight {four) 
hranchiostegeds. 

This family offers several points of biological interest. 
All its niemlxii's are strictly marine ; but only two of the 
genera are surface-forms {lloloeentrnrn and Myripristis). All 
the others descend considerably below the surface, and even 
some of the species of Myripristis hal)itnally inhabit depths 
of from 50 to 100 fathoms. Folym ixiei and Beryx have been 
found in 345 fathoms. Melcmiphaes must live at a still greater 
depth, as we may infer from the small size of its eye; this 
fish is not likely to come nearer to the surface than to about 
200 fathoms. The other genera named have extremely large 
eyes, and, therefore, may l)e assumed to ascend into such 
superficial strata as are still lit up by a certain proportion 
of sun-rays. The liighly-developed apparatus for the secre- 
tion of superficial mucus, with which these fishes are provided, 
is another sign of their living at a greater depth than any of 
the preceding families of Acanthopterygians. In accordance 
with this vertical distrilmtion, Berycoid fishes have a mde 
horizontal range, and several species occur at Madeira as well 
as in Japan. 

. ' \ Fossil Berycoids show a still greater diversity of form 
living; they belong to the oldest Teleosteous fishes, the 
?:^majority of. the Acanthopterygians found in the chalk being 
tj^^presentatives of this family. Beryx has been found in 
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several species, with other genera now extinct : Fseudobenjx, 
with abdominal ventrals, from Mount Lebanon ; Bcnjcopsis, 
with cycloid scales ; Homonotus, Stcnostoma, Sifhmoecplialus, 
Acamts, Iloploptcryx, JHatycoriuis, with granular scales ; t 
Podocys, with a dorsal fin extending to tlie neck; Acroyaster, 
Mctcrolepis, and Ehacolcpis, from tlie chalk of Lrazil. Species 
of Holocentram and MyripridlH ocx'ur in the ]\Ionte Bolca 
formation. 


Monocentrts. — Snout obtuse, convex, short ; eye of moderate 
size. Villiform teeth on the j)alatiiie hones, hut none on the 
vomer. Opercular bones without armature. Scales vtuy large, 
bony, forming a rigid carapace. Ventrals reduced to a single 
strong spine and a few rudiimuitary rays. 



Fig. 1S3. — MoiioooiitriH Japouicns. 


One species only is known {M, japanirifs) from the seas off 
Japan and Mauritius. It does not attain to any size, and is ^ 
not common. 

IIoPLosTETHus. — Siiout vcry short and obtuse ; eye large. 
Villiform teeth on the palatine bones, but none on the vomer. 
Operculum unarmed, a strong spine at the scapulary and the 
angle of the praeoperculum. Scales ctenoid, of moderate size ; 
abdominal edge^^errated. One dorsal, with six spines ; ventrals 
with six soft rays ; caudal deeply forked. / 

One species only is known {H. mcdiiUrmnem), 
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occurs in the Mediterranean, the neighbouring parts of the 
A-tlantic, and in the sea off Japan. 

Trachichthys. — Snout very short and obtuse, with prominent 
)hin ; eye large. Yilliform teeth on the palatine bones and on 
he vomer. A strong spine at the scapulary and at the angle of 
he pra3operculLim. Scales rather small ; abdomen serrated. 
Dne dorsal, with from three to six spines; ventral with six soft 
•ays. Caudal forked. 

Four species are known from New Zealand and Madeira. 

Anoplogaster is an allied genus from tropical parts of the 
Atlantic ; it is scaleless. 

Beryx. — Snout sliort, with oblique cleft of the mouth and 
)rominent chin ; eye large. Yilliform teeth on the palatine 
)ones hnd vomer. Opercular bones serrated ; no spine at the 
ingle of the prjeoperculiiin. Scales ctenoid, of moderate or large 
ize. One dorsal, with sev(‘ral spines ; ventrals with seven or 
nore soft rays. Anal with four spines ; caudal forked. 

Five species are known from Madeira, tlie tropical 
Atlantic, and the seas of Japan and Australia. The species 
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near Japan at a depth of 345 fathoms; it attains a length 
of 1|- feet. 

Melamphaes. — Haad large and thick, with very thin bones, 
nearly all the superficial bones being transformed into wid% 
muciferous channels. Eye small. Palate toothless ; no barbels ; 
opercles not armed. Scales large, cycloid. One dorsal, with six 
spines ; anal spines very feeble ; caudal forked. Yentrals with 
seven rays. 

Two species, deep-sea fishes of the Atlantic; tliey are 
very scarce, as only three or lour specimens have been found 
hitherto. 

0 

PoLYMixiA. — Snout short, with the cleft of tlie mouth nearly 
horizontal ; eye large. Two barbels at the throat. Opercles 
without armature. Scales of nuxlerate size. One dorsal. Anal 
with three or four spines ; caudal forked ; ventrals with six or 
seven soft rays. 

Three species are known : I\ nohiliH irom Madeira and 
St. Helena, I\ loicei from Cuba, and P. japoniai fi’om Japan; 
the latter species from a depth of 345 fathoms. Average size - 
eighteen inches. 

Myripristis.— Snout short, with o])lique cleft of the mouth 
and prominent chin; eye large or very large. Villiform teeth 
on the vomer and palatine bones. Opercular bones serrated ; 
prmoperculiim without si)ine. Scales large, ctenoid. Two dor- . 
sal4 the first with ten or eleven spines ; anal witli four spines; 
caudal forked ; ventrals with seven soft rays. Air-bladder 
divided by a contraction in two parts, the anterior of which is 
connected with the organ of hearing. 

Eighteen species from the tropical seas of l)oth hemi- 
spheres, the majority living* near the coast at the surface. 
The coloration is (principally) red or pink on the back and 
silvery on the sides. They attain a length of about 15 inches,': 
and are esteemed as food. ’ . < ; 

Holocentrum.— -Snout somewhat projecting, with the cleft 
the mouth nearly horizontal ; eye laige. Villiform teeth 
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IZ r ^ bones and’ pra^orbital 

Z anil Tr “ ^ at 

he angle of the pra,opercuIum. Scales ctenoid, of moderate 
size. Two dorsals, the first with twelve sf.ines ; anal with four 

VeZral H 

Ventrals with seven soft rays. 


About thirty species are known from the tropical seas of 
oth hemispheres; all are surface fishes, and very common. 
The young have tho upper part of the snout pointed and 



Fig. 1 So.— JMvcaifntm uniptuuMtvm, I'roiii tile South Sea. 

elongate, and were described as a distinct genus {JihyncMch- 
thys). Tho coloration of the adult is uniform ; red, pink, and 
silvery picvailing. They attain to a length of about 15 inches 
and are esteemed as food. 


Third Division— Acantiiopterygii Kurtiformes. 

One dorsal fm only, much shorter than the anal, which is 
tony and many-rayed. No superhramhial organ. 

- One family only belongs to this division. 



Family — Kurtid^. 

impressed, oblong, deop in front, attenuated behind. 
Thfi spines of the short dorsal are few in numher. 


POLYNEMIDiE, 
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if developed, Seales small or of moderate size, Villiform teeth 
in the jaios, on the vomer, and palatine hones. 

This family consists of aj^small mimber of species only, 
which form two distinct genera, Pcmplicris and Kurt its, They 
are shore fishes of tropical seas. In both the air-bladder 
shows some peculiarity : in Pempheris it is divided into an 
anterior and posterior portion ; in Kurt as it is lodged within 
the ribs, wliich are dilated, convex, foi'iniiig rings. The 
number of vertebne is respectively twenty-four and twenty- 
three. 

Foukth Division — A cANTnopTEUYoii roLYNEMiFOUMEs. 

Two rather short dorsal fins, somewhat remote from each 
other; free filaments at the humeral areh,l)cknv the 'pectoral 
fins ; nmeiferons canals of the head well developed. 

One family oidy belongs to tliis division. 

Family — P oLYNi'AUD/r:. 

Body ohlony, rather comjrressed, covered^ with smooth or very 
feehly ciliated scides. Lateral line continuous. Snout 'project- 
ing heyond the mouth, which 'is inferior, 'with lederal cleft. Eye 
lateral, large. Villiforni teeth 'in the jaws and on the 'palate, 
Ventrals thoracic, 'with one spine mid Jive rays. 

Tlie fishes of this natural family liave ixicn divided, on 
slight differences, into tliree genera — Polynemns, Pentanemns, 
and Galeoides. They are found in rather nnmerons species 
on the coasts between tlie tropics, and the majority enter 
brackish or even fresh water. Very characteristic are the free 
filaments which in this family are organs of touch ; they are 
. inserted on the humeral arch at some distance from the pec- 
toral fin ; but, nevertheless, can be regarded onlyas a detached 
, portion of that fin ; they can be moved quite independently ' 
of the fin ; their number varies from three to fourteen, accord-;^^; 
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ing to the species; in some they are exceedingly elongate, 
twice as long as the fish, in others they are not longer or even 



Fig. 186. — Pcntancinus qiiinqimriiis, from the We.st Oocast of Africa and 
the West fiidies. 

shorter than the pectoral. It is evident from the whole 
organisation of these fishes that tliey live on muddy bottom, 
or in thick water, such as is found near the moutlis of great 
", liters. Their eyes are large, but generally obscured by a 
filmy skin, so tliat those feelers must be of great use to them 
in finding their way and their food. The Polynemoids are 
very useful to man : their flesh is esteemed, and some of# 
the species are provided with an air-bladder which yields a 
good sort of isinglass, and forms an article of trade in the 
East Indies. Some of these fishes attain to a length of four 
feet. 

Fifth Division — A cANTiioPTERYdii SciyENiFoiiMES. 

The soft dorsal is viorc, generally much more, develo2')ed than 
the spinous, and than the anal. No pectoral filaments ; head 
with the muciferous canals well der eloped. 

‘ Also this division is composed of one family only. 

'Is,:/, F amily— S ciiENiD/E. 

elongate, cAmpressed, covered with ctenoid scales: 

and frequently extending over the emc^al' >:■ 


BClJmXDM, 


Jin. Month in front of the mouL Eye lateral, of moderate size, 
T^eth in villiform hands, sometimes ivith the additimi of canines ; 
no molars or incisor-like te^i in the jaws ; 2>alate toothless. 
Prceoperculum unarmed, ana without ' bony stay. Ventrals 
thoracic, ivith one spine and Jlre soft rays. Jiones of the head 
ivith wide mncifcrous channels. Stomach coccaL Air-bladder 
frequently ivith numerous append ayes (see ])]). 144 and seqi) 

The fishes of the ''Meagre'' family are (*liiel 1 y eoast-hshes 
of the tropical and suh-tropi^al Atlantic an<l Indian Oceans, 
preferring tlie neigliboiirhood of the mouths of Luge rivers, 
into which they freely enter, some of the s]Xicies having 
become so completely naturalised in fresli watcu* tliaU they 
are never foiuid now-a-(Lays in the sea. Some of the larger 
species wander far from their original liome, and are not 
rarely found at distant localities tis occasiomd visitors. In 
the Pacific and on the coast of Austrnlia, where Irut a few 
large rivers enter the ocean, they are extremely rare and, ii^ 
the lied Sea, they are absent. Many attain a large size, and 
almost all are eaten. 

No fossil sx)ecies laave l)een as yet discovered. 

PoGONiAS. — Snout convex, with the upper jaw overlapping 
the lower. Mandible with numerous small barl)els. No canines. 
The first dorsal with ten stout spines. Two anal spines, the 
second very strong. Scales of moderate size. 

To this -fish (P. chromic) more especially is given the 
name of “Drum,” from the extraoi’dinary sounds whicli are 
pjroduced by it and other allied Sciicnoids, These sounds are 
better expressed l)y the word drumming than by any bther^ 
and are frequently noticed by persons in vessels lying at 
anchor on the coasts of the United States, where those fishes 
abound. It is still a matter of uncertainty by what meanjs 
the “ Drum ” produces the sounds. Some naturalists believe 
that it is caused by the claj)ping together of the phar^ge^S 
teeth, which are very large molar teeth. However, if 
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true that the sounds are accompanied by a tremulous motion 
^ of the vessel, it seems more pro- 



Fig. 187. — Pliaryngciil Polios and 
teeth of Pogonlas clLroiais. 

A, Upper; 15, Lower iiharyiigeals. 


bahle that they are produced by 
the lishes beating their tails 
against the bottom of 4:he vessel 
in order to get rid of the para- 
sites witli wliich that part of 
their body is infested. The 
l)riini attains to a length of 
more than four feet, and to a 
weight exceeding a hundred lbs. 
Its air-bladder has been figured 
on p. 140. 

Micropogon is closely allied to 
J ^ogonuiH, \mi has conical pliaryn- 
geal teeth. Two species from the 
western parts of the Atlantic. 


TJmbrina. Snout €onv(*x, with the upper jaw overlapping 
the lower \ a sliort barbel under the sjunphysis of the mandible. 
The first dorsal with nine or ten flexible spines, the anal with 
one or two. Scales of moderate size. 
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Atlantic, and Indian Ocean, ^ne well known to the ancients, 



under the name of ITnihra^ is flic IJnihnna cirrhosa of the 
Mediterranean, tlie “ Unibrine or “Ombre” of tlie French, 
and the “ Corvo ” of tlie Italians. It ranges to tlie Cape of 
Good Hope, and attains a, length of three feet. Also on the 
coasts of tlie United States several s})eeies oceur, as allmrna, 
U, oielntlosa, etc. 

(including Corvhia ). — The upper jaw ()veiia])ping the 
lower, or both jaws equal in front. Interorbital space moderately 
broad and slightly convex. Cleft of tlie mouth horizontal or 
slightly oblique. The outer series of teeth is generally composed 
of teeth larger than the rest, but there are no canines. Eye of 
moderate size, barbel none. 

.Some fifty species are known, Init their distinctive char- 
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in all the seas and rivers in winch Scioenoids generally occur, 
and many are entirely confined to fresh water, for instance the 
species Scicena ricliardsonii, from Lake Huron; Sc, 

amazonica ; Sc, oUiqua, ocdlata, oscida, etc., from fresh waters 
of the United States. Scimia diaccmthus and Sc, coitor belong 
to the most common fishes of the coasts of the East Indies, 
ascending the great rivers for a long distance from the sea. 
One of the European species, Sciccna aquila, has an extremely 
wide range ; it not rarely reaches the British coasts, where it 
is known as Meagre,” and has been found at the Cape of 
Good Hope and on the coast of southern Australia. Like some 
of the other species it attains to a length of six feet, but the 
majority of the species of tliis genus remain within smaller 
dimensions. A part of the species have the second anal ray 
very strong, and liave been placed into a distinct genus, 
Gqrvina , among others. Sc, nigra from tlie Mediter- 
ranean, and Sc, ricItcmUonii, 

Pachyitrus is closely allied to Sciccna, but lias the vertical 
fins densely covered with small scales. 


Otolithus. — Snout obtuse or somewhat pointed, with the 
lower jaw longer. The first dorsal with nine or ten feeble spines. 
Canine teeth more, or less distinct. ITcieoperculum denticulated. 
Scales of moderate or small size. 

About twenty species are known from the tropical and 
sub- tropical parts of tlie Atlantic and Indian Oceans. The 
air-bladder is figured on p. 144. 


differs from Otolithus in having very long arrow- 
s ; shaped or lancookte canine teeth. Coasts of tropical America. 

- CoLLicHTHYs.— Body elongate; head very broad, with the 
surface very coiive.v- ; cleft of the mouth wide and oblique ; 
^:g6,.large canines. Eye small. No barbel. Scales small, or of 
second dorsal very long, caudal pointed, 
tlie East Indian and Chinese coasts. 
^®''^®l®P“ent of the rauciferous system on the head 
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and the small eye leads one to suppose that these fishes live 
in muddy water near the mouths of large rivers. The air- 
bladder has been described on p. 144 . 

Other genera belonging to this family are LarbmiSy Eques, 
Nehtis, and Lonchurus, 


Sixth Division — Acantiiopterygii Xipiiiiformes. 

The up;peT j a 10 is prodicccd into a long cuneiform wcapoiu 

These fishes form one small family only, Xiphiulm, 

The “Sword-fishes” are pelagic fishes, occurring in all 
tropical and sub-tropical seas. Generally found in the open 
ocean, always vigilant, and endowed with extraordinary 
strength and velocity, they are but rarely captured, and still 
more rarely preserved. The species found in the Indian and 
Pacific Oceans belong to tlie genus Ilistiophorus, distinguished 
from tlie common Mediterranean Sword-fisli, or Xiphias, by 



Fig. 191. — Histioplioiiis puldiellus. 


le presence of ventral fins, wliich, liowever, are reduced to 
iwo long styliform appendages. Tlie distinction of the 
species is beset with great difficulties, owing to the circum- 
stance that but few examples exist in museums, and further^ 
because the form of the dorsal fin, the lengtli of the ventrals> 
the shape and length of the sword, appear to change accord- 
ihg to the age of the individuals. Some specimens or sped^ 


have only the anterior dorsal rays elevated, the remain^j^ 
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the to being very low, whilst in others sll the rsys are 
exceedingly elongate, so that the to-when 
beyond the surface of the water. It is sUted that Sword 
dsL, when gnietly touting with the dorsal fin erect, can 

sail before the wind, like a boat. 

Sword-fishes are the largest of Acanthopterygians, _ and ^ 
not exceeded in size by any other Teleostean; they a tain to 
a length of from 12 to 15 feet, and swords have been obtained 

more than three feet long, and bt e 

three inches at the base. The sword is lornied bj the pi o 

longation and coalescence of the n,»illary and i'— " 

bones; it is rough at its lower surface, owing to the develoi- 
„ 0 „t of rndiinentary yilliforn, teeth, vc.y hard and strong 
and forms a most formidahlc weapon, bwor.l-fishcs iicvu 
hesitate to attack whales and other large Cetaceans and by 
repeatedly staVibing these animals generally retire Irom the 
combat victorious. Tlie cause which excites them to those 
attacks is unknown ; but they follow this ^-^nict so 
that they not rarely attack boats or large vessels m a similai 
manner, evidently mistaking them tor Cetaceans. Sonie i^s 
they actually succeed in piercing the bottom oi a . . 

endamierino its safety; but us they are unable to execute 
TowI^^M 1-kward movements tU^y “ot always r^ra^ 
their sword, which is broken off by the exertions of t be fish 
to free itself. A piece of a two-inch plank of a vhale- oa 
.thus pierced by a sword-fish, in wliicb tlie broken sword 

remains, is preserved in the British Museum. 

The Eev. Wyatt Gill, who has worked as a missionaiy 
for many years m the South Sea Islands, communicates tba 
/young SwLd-fisbes are easily caught in strong nets, but no net 
Irong enough to Hold a fish of six feet in length Speci- 
Vfnensof that size are now and then ^ 

iiime asmall fish being used as bait. Individuals , 

off are not rarely obseiwed. Larger specimens 
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cannot be captured by the natives, who are in great fear of 
them. They easUy pierce their canoes, and only too often 
dangerously wound persons sitting in tlioni. 

The Mediterranean Sword-fish is constantly caught in the 
nets of the Tunny-fishers off the coast of Sicily, and brought 
to market, where its flesli sells as well as that of the Tunny. 

The remarkable changes which Sword-fishes undergo at 
an early stage of their growth have been noticed above, p. 
173 and 

Sword-fishes are as old a type as tlie Beiycoids. Their 
remains have been found in the clialk of .Lewes, and more 
fre(][uently in the London clay of Sliejipy, where an extinct 
genus, Goelorhynchus, lias been recognised. 

Seventh Division — Acantiiopterygii Triciiiurifohmes. 

Body elongate, compressed or hand-like; cleft of the mouth 
wide, with several strong teeth in tliejaivs or on the palate. The 
spinous and soft portions of the dorsal Jin and the anal are of 
nearly equal extent, long, many-rayed, sometimes terminating in 
hnlets; caudal fm forked, if present, 

F AMILY — TrICIIIURID^E. 

Marine fishes inhabiting the tropical and suli- tropical seas ; 
somQ of them are surfaceTfishes, living in tlie vicinity of the 
coast, whilst others descend to moderate deptlis, as the Bery- 
coids. All are powerful rapacious fislies, as is indicated by 
their dentition. 

The oldest of tlie extinct genera are Enchodus and A.nen- 
chelum ; they were formerly referred to the Scombroids, but 
belong to this family. The former has been found in the 
chalk of Lewes and Maestricht; the lattfer is abundant in the 
Eocene schists of Glaris. Anenchelum is much elongate, and; 

exhibits in the slender structure of its bones the charactei<-/ 

, . ' , ^ _ ■ .... 
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istics of a deep-sea fish ; it resembles much LcpidopuSy but 
has some long rays in the ventrals. Other Eocene genera 
are N^mopteryx and XipliopUriis. In the Miocene of Licata 
in Sicily Trichiitridm are well represented, viz. by a species 
of Lcpidopits, and by two genera, Ilemithyrsites and Trichm- 
riclithys, which are allied to Thyr sites and Tricliiiorus, but 
covered with scales. 

The following is a complete list of the genera referred to 
this family : — 

Nealotus. — Body incompletely clothed with delicate scales. 
Small teeth in the jaws and on the palatine bones ; none on the 
vomer. Two dorsal fins, the first continuous and extending to 
the second ; finlets behind the second and anal fins. Each 
ventral fin represented by a single small spine. A dagger-shaped 
spine behind the vent. Caudal fin well developed. 

One specimen oidy of this fish {N. tripes), 10 inches long, 
has been obtained off Madeira ; it evidently lives at a con- 
siderable depth, and comes to the surface only by accident. 

Nesiarchus. — B ody covered with small scales. Several strong 
fangs in the jaws ; no teeth on the palate. First dorsal not ex- 
tending to the second. No detached finlets. Ventrals small, 
but perfectly developed, thoracic. Caudal fin present. A 
dagger-shaped spine behind the vent. 

A rather large fish (iV. nasatws), very rarely found in the 
sea off Madeira. The two or three specimens found hitherto 
measure from three to four feet in length. Probably living 
at the same depth as the preceding genus. 

Aphanopus. — Scales none. Two very long dorsal fins; 
caudal well developed ; ventrals none. A strong dagger-shaped 
spine behind the vent. Strong .teeth in the jaws ; none on the 
palate. 

One species only is known, named A. carlo from its coal- 
'blaek colour ; it is evidently a deep-sea fish, very rarely ob- 
stained in the sea off Madeira. Upwards of four feet long. 

EvoxtMETOPON. — Body naked, very long and thin. Profile, 
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of the head regularly decurved from the nape to the snout, the 
occiput and forehead being elevated and trenchant. Jaws with 
fangs ; palatine teeth present. One dorsal only, continued from 
the head to tlie caudal fin, which is distinct. A dagger-shaped 
spine behind the vent. Pectoral fins inserted almost horizontally, 
with the lowest rays longest, and with the posterior border 
emarginate. Ventral fins rudimentary, scale-like. 

This is another deep-sea form of this family, l)ut, at pre- 
sent, no observations have been made as regards the exact 
depth at which it occurs. A specimen has been known since 
the year 1812 ; it was foiiiul on the coast ot Scotland, and 
described as Trichmrus Icpturm. Tlie same species has been 
re-discovered in the West Indies, where, however, it is also 
extremely scarce. 

LEriDOPUs. — Body band-like ; one single dorsal extends along 
the whole length of the back ; caudal well developed. Ventrals 
reduced to a pair of scales. Scales none. Several fangs in the 
jaws ; teeth on the palatine bones. 

The Scabbard-fish (Z. cavAlatm) is rather common in the 
Mediterranean and warmer parts of the Atlantic, (*.xtending 



northwards to the south coast of England, where it is an 
occasional visitor, and southwards to the Cape of Good Hope. 
More recently it has been observed on the coasts of Tasmania 
and Hew Zealand. We ntay, therefore, justly consider it, to , 
be a deep-sea fish, which probably descends to the same depth ;/; 



as the preceding allied forms. It grows to a length of five or 
six feet, but its body is so much compressed that it does not 
weioh'more than as many pounds. It is well known in 
New Zealand, where it is called “ Frost-fish,” and esteemed , 
as the most delicious fish of the colony. A still more 
attenuated species (X. tenuii) occurs in the sea off Japan, at a 
depth of some 340 fathoms. 

Teichiorus.— Body band-like, tapering into a fine point, with- 
out caudal fin. One single dorsal .extending the whole length of 
the back. Ventrals reduced to a pair of scales, or entire y 
absent. Anal fin rudimentary, with numerous extremely short 
spines, scarcely projecting beyond the skin. Long angs m 
jaws • teeth on the palatine bones, none on the vomer. 

The “Hairtails” belong to the tropical marine fauna, 
and although generally found in the vicinity of land, they 
wander freiiuently out to sea, perhaps merely because they 
follow some ocean-currents. Therefore they are not rarely 
found in the temperate zone, the common West Indian species 
(T. lepturus), for instance, on the coast of England. They 
attain to a length of about four feet. The number of their 
vertebral is very large, as many as 160, and more. Six 
species are known. 

Epinnula— Body rather elongate, covered with minute scales. 
The first dorsal fin continuous, with spines of moderate strength, 

, and extending on to the second; finlets none; ventrals well 
developed. Lateral lines two. Teeth of the jaws strong , 

palatine teeth, none. . 

The “ Doniine” of the Havannali, A. viayistralis. 

Thyksites.— Body rather elongate, for the greater part naked. 
The first dorsal continuous, with the spines of moderate strength, 
and extending on to the second. From two to six finlets behind 
Ihe dorsal and anal. Several strong teeth in the jaws; teeth 

in the palatine bones. . , , , • 

^'’^',The species of this genus attain to a considerable size 

\^a^oyir to five feet), and are valuable food fishes ; pi. atm 
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from ,the Cape of Good Hope, South Australia, New Zealand, 
and Chili, is preserved, pickled or smoked. In New Zea- * 
; land it is called “ Barracuda ” or “ Siioek,” and exported 
from the colony into Mauritius and Batavia as a regular * 
article of commerce, being worth over £17 a ton ; Th. 2 yyetiosuSy , 
the “ Escholar ” of the Havannah, from the Llediterranean, 
the neiglibouring parts of the Atlantic, and the West Indies ; 
TJu promdlwus from Madeira, Bermuda, St. Helena, and 
Polynesia; Th. solandri from Amboyiia and Tasmania is 
probably tlie same as Th. ^yyomdliens. 

Young specimens of this (or, perhaps, the following) genus 
have been described as IHcrotus. In tliem tlie fmlets are not 
. yet detaclied from the rest of the fin ; and the ventral fins, 
which are entirely obsolete in the adult fish, are represented 
by a long crennlated spine. 

Gempylus. — Body very elongate, scaleless. The first dorsal 
fin continuous, with thirty and more spines, and extending on 
’ to the second. Six finlets l)ehind the dorsal and anal. Several 
strong teeth in the jaws, none on the palate. 

One species ((r. sct2')C7is\ inhabiting consideraldc depths of 
the Atlantic and Pacific Oceans. 

PaMILY — PAL i^^ORHYNCIIIDyr:. 

This family has been formed for two extinct genera: 
PalccorUjnchus from the schists of Claris, ami Hemirhynchm 
from tertiary formations near Paris. These genera resemble 
much the Trichiiiridcc in their long, compressed body, and 
long vertical fins, but their jaws, which arc produced into a 
long beak, are toothless, or provided with very small teeth. 
The dorsal fin extends the whole length of the back, and the 
anal reaches from the vent nearly to the caudal, which is 
forked. The ventrals are composed of several rays and'^-' 
^ thoracic. The vertebrae long, slender, and numerous, and, 
all the bones of the skeleton, thin, indicating that these 
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were inhabitants of considerable depths of the ocean. Both 
the ja\v« of Palceorliynchus are prolonged into a beak, whilst 
in Hmiirlmjmhus the upper exceeds the lower in length. 

Eighth Division — Acanthopteuygii Cotto-scombriformes. 

Sj)ines devdo'p^d in one of the jms at least. Dorsal fins 
either continuous or dose together ; the sjnnous dorsal, if 'pre- 
sent, always short ; sometimes modified into tentacles, or into 
a suctoried dish ; ' soft dorsal ahvays loiig, if the spinous is 
absent ; anal similarly deceloped as the soft dorsal, and both 
generally much longer than the spinous, sometimes terminating 
in finlets. Ventrals, thoracic or fugxdar, if present, never 
modified into an adhesive apparatus. No prominent anal 
' papilla. 

Marine fishes, with few exceptions. 

First Family — Acronurid^e. 

Body compressed, oblong or elevated, covered xoith minute 
scales. Tail generally armed vnih one or more bony 2)lates or 
spines^ which are developed with age, bxit absent in very young 
individuals. Bye latercd, of modercUe size. Moxith small 2 a 
single series of more or less eomymessed, sometimes denticulated, 
sometwies 'pointed incisors in each jaw / palate toothless. One 
dorsal fin, the spinous pxortion beuig less develojxed than thd soft / 

' anal with two or three sjhnes ; 'vexdral fins thoracic. Air- 
bladder forhed posteriorly. Intestines with more or less 
numerous cireumvolutio'ns. Nine abdominal, and thirteen 
caudal verteb^w, * 

^ ^ Inhabitants of the tropical seas, and most abundant on 
! Qoral'Teefs. They feed either on vegetable substances or on 
superficial animal matter of corals. 

species of Acanthurus and Naseus have been dis- 
in the Monte Bplca formation. . 
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Acanthurus. — Jaws with a single series of lobate incisors, 
which are sometimes movable. An erectile spine hidden in a 
groove on each side of the tail. Ventral fins with one spine 
and generally five rays. Scales ctenoid, sometimes with minute 
spines. Brancliiostegals five. 

The fishes of this genus, which soiiietiincs are termed 
Surgeons,” are readily recognised by the sharp lancet-shaped 
spine with which each side of the tail is ariiied. When at 
rest the spine is hidden in a sheath ; luit it can be erected 
and used by the fish as a very dangerous weapon, by striking 
with the tail towards tlie right and hd't. “ Sui'geons ” occur 
in all tropical seas, with the exception of the eastern part of 
the racific, wliere they disappear with the corals. They do 



Fig. 193. — Acanthurus Icucosterimin, Indian Ocean. 


not attain to any size, the largt^st s[)ecies scarcely exceeding 
a length of eighteen inches. Many ura agreeably or showily 
coloured, the ornamental colours being distributed in very 
extraordinary patterns. The larger species are eatable, and 
some even esteemed as food. It is stated that the fry of 
some species periodically approaches, in immense numbers, 
the coasts of some of the South Sea Islands (Caroline Archi- 
pelago), and serves as an important article of food to the 
natives. Nearly fifty species are known. 

At an early period of their growth these fishes present so 
different an aspect that they were considered a distinct genus, . 
Acronurus, The form of the body is more circular and 
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ceedingly compressed. No scales are developed, but the 
skin foriris numerous oblique parallel folds. The gill-cover 
tod the breast are shining silvery. 

Naseus— Tail with two (rarely one or three) bony keeled 
plates on each side (in the adult). Head sometimes with a bony 
horn or crest-like prominence directed forwards. Ventral fins 
composed of one spine and three rays. From four to six spines 
in the dorsal ; two anal spines. Scales minute, rough, forming a 
sort of fine shagreen. Air-bladder forked behind. Intestinal 
tract with many circumvolutions. 

Twelve species are known from the tropical Indo-Pacific, 
but none of them extend eastwards beyond the Sandwich 
Islands. In their mode of life these fishes resemble the 
Acanthuri. Likewise, the young have a very different appear- 
ance, and are unarmed, and were described as a distinct 





Fig. 194. — N.TseiLs unicornis. 


genus, Kcris. One of the most common species is N. xinicor- 
nis, which, when adult (22 inches long), lias a horn about 
.2 inches long, whilst it is merely a projection in front of the 
eye in individuals of 7 inches in length. 

Prionurus is an allied genus with a series of several keeled 
bony lamime on each side of the tail. 

Seconp Family — Carangida;. 

Body more or less compressed, oblong or elevated, covered with 
small scales or naked; eye lateral. Teeth, if present, conical. 
No bony stay for the prwoperculum. The spinous dorsal is less 
d^pdoped than the soft or than the anal, either emUmums wiPh, 
(^■^pd'fyled from, the soft portion; sometimes rudimentary. 
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Ventrals fhorcMc, sometimes riidimentary or entirely ahsent ^ 
No ^prominent jpapilla near the rent. Gill-oyeniny wide. Ten 
abdominal and fourteen caudal vertebrce. 

Inhabitants of tropical and temperate seas. Carnivorous. 
They appear first in cretaceous formations, where tliey are 
represented by Fla tax and some Caranx-like genera ( Vomer 
and AipicJithys from tlie chalk of Comen in Istria). They are 



Fig. 195.— Semiophonis velitans. 


more numerous in various Tertiary formations, especially j 
•the strata of Monte Bolca, •where some still existing 
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occur, ,as Zandiis, Platax, Caranx {CarangopMs), Argyriosus 
( Vomer), Lichia, Trachynotus, Of the extinct genera the fol- 
lowing belong to this family : — Pseudovomer {Licata), AmpMs- 
Hum, Archceus, Ductor, Plionemus (?), and Sermophoncs. Eguula 
has been recently discovered in the Miocene marls of Licata 
in Sicily. 

Caranx (including Trarhurus). — Body more or less compressed, 
sometimes sub-cylindrical. Cleft of the mouth of moderate width. 
The first dorsal fin continuous, with about eight feeble spines, 
sometimes rudimentary ; the soft dorsal and anal are, succeeded 
by finlets in a few species. Two anal spines, somewhat remote 


Fig, 196.— Plates of the lateral line of Caranx hip])Os. 

from the fin. Scales very small. Lateral line with an anterior 
curved, and a posterior straight, portion, either entirely or pos- 
teriorly only covered by large plate-like scales, several of which 
are generally keeled, the keel ending in a spine. Dentition feeble. 
Air-bladder forked posteriorly. 

The ‘'Horse-mackerels’’ are found in abundance in almost 
all temperate and, especially, tropical seas. Many species 
wander to other parts of the coast, or to some distance from 
land, and have thus gradually extended their range over two 
or more oceanic areas ; some are found in all tropical seas. 
The species described are very numerous, about ninety 
having been properly characterised and distinguished. Some 
attain to a length of three feet and more, and j|ill are eatable. 
They feed on other fish and various marine animals. 

Of the most noteworthy species the following may be 
inentioned: — 0, trachurus, the common British Horse-mackerel, 
; ^ 9 tinguished by having the lateral line in its whole length 
. large vertical plates; it is almost cosmopolitan 

the temperate and tropical zones of the northern and 
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southern hemispheres. C. cnmenophihalmiis, C. caranffus, and 
C. hippos, three of tlie most common sea-lislies, equally abun- 



Fi^. 197. — Caraiix ferdiiu. 


dant ill the Atlantic and Indo-l\icific oceans; C. ferdau, 
from the Indo-raciiic, upwards of tliree feet in length. C, 
armcdus, cilwri^, gall/m, etc., which have Jin exceedingly short 
and compressed body, with rudimentary spinous dorsal fin, 
and with some of the rays of the doisal and anal prolonged 
into filaments. 

Arqyriosus is closely allied to CVoyo?./’, especially to the last» 
named species, but the lateral line has no plates whatever ; and 
the body is scaleless, chiefly of a bright silvery colour. 

. Two species from the tropical Atlantic. 

Micro PTERYX. — Body much compressed, with prominent tren- 
chant abdomen, covered with small scales; lateral line not 
shielded ; praeopercular margin entire. Cleft of the mouth rather 
small; prseorbital of moderate width. The first dorsal continu- 
ous, with seven feeble spines. No detached finlets. Small V 
on the vomer and palatine bones. ^ 
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Microptert/x chrysurus is a semi-pelagic fish, and very 
common in the tropical Atlantic, less so in the Indian 
Ocean. 

Sekiola.— Body oblong, slightly compressed, with rounded 
abdomen, covered with very small scales; lateral line not shielded; 
prseopercular margin entire. Cleft of the mouth of moderate 
width, or rather wide. The first dorsal continuous, with feeble 
spines. No detached finlets. Villiform teeth in the jaws, on 
the vomer and palatine bones. 

These fishes are often called “ Yellow-tails, and occur in 
nearly all the temperate and tropical seas, sometimes at a 
great distance from land. Twelve species are known, and the . 
majority have a wide geographical range. The larger grow 
to a length of from four to five feet, and are esteemed as food, 
especially at St. Helena, the Cape of Good Hope, in Japan, 
Australia, and New Zealand. 

SeriolcUa and Scr iolichthys, the latter from the Indo-Pacific, 
and distinguished by a finlet behind the dorsal and anal, are 
allied genera. 

Naucbates. — Body oblong, sub-cylindrical, covered with small 
scales ; a keel on each side of the tail. The spinous dorsal com 
sists of a few short free spines ; finlets none. Villiform teeth in 
the jaws, on the vomer and palatine bones. 

• The “ Pilot-fish” (iV. dnctor) is a truly pelagic fish, known 
in all tropical and temperate seas. Its name is derived from 
its habit of keeping company with ships and large fish, espe- 
cially Sharks. It is the Fompilus of the ancients, who describe 
it as pointing out the way to dubious or embarrassed sadors, 
arid as announcing the vicinity of land by its sudden disap- 
■ pearance. It was therefore regarded as a sacred fish. The 
‘' conriection between the Shark and the Pilot-fish has receive^ 
yaiaous interpretations, some observers having perhaps added, 
Ct "Sjhie sentiment than is warranted by the actual facts. It was 
[|i^^d*that the Shark never seized the Pilot-fish, that the 
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latter wi^ of great use to its big companion in conducting it 
and showing it the way to its food. Dr. Meyen in his ‘‘ Eeise 
um die Erde states : “ The pilot swims constantly in front 
of the Shark; we ourselves have seen three instances in 
which the Shark was led by the Pilot. Wlien the Shark 
neared the ship the Ihlot swain close to the snout, or near 
one of the pectoral fins of tlie animal. Sometimes he darted 
rapidly forwards or sidewards as if looking for something, and 
constantly went hack again to the Shark. When wo threw 
overboard a piece of bacon fistened on a great hook, the 
Shark was about twenty paces from the slii]). With the 
quickness of lightning the Ihlot came up, smelt at the dainty, 
and instantly swam back again to the Sliark, swimming many 
times round his snout and splashing, as if to give him exact 
information as to the bacon. The Shark now began to put 
himself in motion, the Idiot sliowing him tlie way, and in a 
moment he was fast upon the liook.^ Upon a later occasion 
we observed two Pilots in sedulous attendance on a JUue 
Shark, which we caught in the Chinese Sea. It seems jirobable 
that the Idiot feeds on tlie Sliarks’ excrements, keeps Ids com- 
pany for that jiurpose, and directs his operations sohdy from 
this selfish view.” We believe tliat Dr. Meyen’s oiiinion, as 
expressed in his last words, is perfectly correct. Tlie Pilot 
obtains a great part of his food directly from the Shark, in 
feeding on the parasitic crustaceans with which Sharks and 
other large fish are infested, and on tlie smaller pieces of flesh 
which are left unnoticed by the Shark wlien it tears its prey. 
The Pilot also, being a small fisli, obtains greater security when 
in company of a Shark, whicli would keep at a distance all 
other fishes of prey that would be likely to prove dangerous 
to the Pilot. Therefore, in accompanying the Shark, the . 
Pilot is led by the same instinct which makes it follow a ship, 

1 In this instance, one may entertain rea.sonable doubts as to the usefuli^^.v 
;';of the to- the Shark. , . ^ . 
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With regard to the statement that the Pilot itself never 
attacked by the Shark all observers agree as to its truth ; but 
this m,ay be accounted for in the same way as the impunity 
of the swallow from the hawk, the Pilot-fish being too nimble 
for the unwieldy Sliark. 

The Pilot-fish does not always leave tlie vessels on their 
apjjroach to land. In suininev, wiien tlie temperature of the 
sea-water is several degrees above the average, I’ilots will 
follow ships to tire soutli coast of England into the har- 
bour, where tliey are generally s]icedily caught. I’ilot-fish 
attain a length ot 12 inches only. ^Vheir very young 
their appearance differs so much from the mature fish that 
they have been described as a distinct genus, Nauderiis. 
This fry is e.xceedingly common in the open ocean, and con- 
stantly ol)tained in the tow-net; therefore the Pilot-Mi 
retains its pelagic habits also during the spawning season, 
and some ot the spawn fouml by voyagers lloating on the 
surface is, without doulit, derived from this species. 

CIIORINEMUS. — Body compressed, oblong ; covered with small 
scales, singularly shaped, lanceolate, and hidden in the skin. The 
first dorsal is formed by free spines in small numberfi ; the 
posterior rays of the second dorsal and anal are detached finlets. 
Small teeth in the jaws, on the vomer and palatine bones. 

Twelve species are known from the Atlantic and Indo- 
Pacific ; some enter brackish water, whilst others are more 
numerous at some distance from the shore. They attain to a 
length of from 2 to 4 feet. In the young, which have been 
described as Porthnms, the spines and finlets are connected 
by membrane with the rest of the fin. 

Lichia is an allied genus from the Mediterranean, tropical ‘ 
Atlantic, and the coast of Chili; five species. 

Temnodon. — Body oblong, compressed, covered with cycloid 
scales of moderate size. Cleft of the mouth rather wide. Jaws 

a series of strong teeth; smaller ones on the vomer and 
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the pala^jjne bones. The first dorsal with eight feeble spines 
connected by membrane ; finlets none. Lateral line not shielded. 
The second dorsal and anal covered with very small scales. 

Temnodon saltator, sometimes called “ Skip-jack,’' is spread 
over nearly all the tropical and sub- tropical seas ; it frequents 
principally the coasts, Imt is also met with in the open sea. 
On the coasts of the United States it is well known by the 
name of ‘^Blue-fish,” being highly esteemed as food, and fur- 
nishing excellent sport. It is one ot the most Rapacious 
fishes, destroying an immense number ol‘ other shore-lishes, 
and killing many more than they can devour. It grows to a 
length of 5 feet, but the majority of those brought to market 
are not half that length. 

Traciiynotus. — Body more or less elevated, compressed, covered 
with very small scales. Ckdt of the mouth ratlier small, with 
short convex snout. Opercles entire. The first dorsal composed 
of free spines in small numbeu’. No finlets. Fc'etli always 
small, and generally lost with age. 

Ten species are known from the tro])ical Atlantic and 
Indo-Pacific ; they rarely exceed a length of 20 inches. Some 
of the most common marine fishes l)elong to this gemus, lor 
instance T. ovaiifs, which rangcis over the entire tropical zone. 

Pammelas (^pcrcifoTiivi^) is allied to tlui ])receding genus; 
from the coast of New York. 

PsETTUS. — Body much com- 
pressed and elevated ; snout 
rather short. One dorsal, entirely 
covered with scales, with seven 
or eight spines ; anal fin with 
three. Ventrals very small, rudi- 
mentary. Teeth villiforra ; no 
teeth on the palate. Scales small, 
ctenoid. Fig. 198. — Magnified scale of Paettns . 

Only three species are argenteus. : 

known 5 one, schesy ^om the west coast of Africa, .the 
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, others xu.vAu-ia»pific. P. argentevs is a very com- 

mon fish, attaining to a length of about 10 inches. 



Fig. 199. — Psettus argeiiteus. 


Platax.— Body much compressed and elevated ; snout very 
short. One dorsal, with the spinous portion nearly entirely 
hidden, and formed by from three to seven spines ; anal with 
three. Ventrals well developed, with one spine and five rays. 
Teeth setiform, with an outer series of rather larger teeth, 
notched at the top ; palate toothless. Scales of moderate size or 
rather small. 

These fishes are called “ Sea-bats,” from the extraordinary 
length of some portion of their dorsal and anal fins and of 
their ventrals. These long lobes are generally of a deep 
black colour. In mature and old individuals the fin-rays 
are much ^shorter than in the young, which have been de- 
..setikd as distinct species. There are probably not more 
^01^ seven species of “ Sea-bats,” if so many, and they all 
l^bng to the Indian Ocean and Western Pacific, where they 
commob. < 
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Zanolus. — Body much compressed and elevated* One dorsal, 
with seven spines, the third of which is very elongate. No teeth 
on the palate. Scales minute, velvety. 

One species (Z. comutus)^ which is extremely common in 
the Indo-racific. It is easily recognised by its snout, ifshich 
is produced like that of Ckehnon, and by the broad black 
bands crossing the yellow ground-colour. It attains to a 
length of eight inches, and undergoes during growtli similar 
changes as Acanthurm. 

•Anomalops. — Body oblong, covered with small, rough scales. 
Snout very short, convex, with wide cleft of the mouth. Eyes 
very large ; below the eye, in a cavity of the iniraorbital ring, 
there is a glandular phosphorescent organ. Yilliform teeth in 
the jaws and on the palatine bones, none on tlui vomer. First 
dorsal fin short, with a few feeble spines connected by membrane. 

This genus, of which one species only is known {A. 'indim- 
hratus), represents the family of IIorse-]\Iackerels in the 
depths of the sea ; but we do not know, at ])resent, a.t wliat 
depth it lives. Only six specimens have been obtained 
hitherto from the vicinit y of Amboy na, the Fidji, and Paumotu 
Islands; the largest was t\velve inches long. 

Capros. — Body compressed and elevated. Mouth very pro- 
tractile. Scales rather small, sjhny. First dorsal wdth nine spines, 
anal Avith three. Ventral fins Avell developed. Minute teeth 
in the jaAvs and on the vomer ; none on the palatine bones. 

The '' Boar-fish ” {C. (iper) is common in the Mediterranean, , 
and not rarely found on the south coast of Ijigland. 

Allied are Antujonia and Dirch/ius, known from a few 
individuals ol)tained at Madeira and Barbadoes ; they are 

probably fishes Avhich but rarely come to the surface. 

♦ 

Equula. — Body more or less compressed, elevated or oblong, 
covered Avith small, deciduous, cycloid scales. Mouth very pro- 
tractile. Minute teeth in the jaAvs; none on the palate. One 
dorsal. Formula of the fins: D. ^ 1/^* V, 

lower praeopercular margin serrated. * . r* 

. 2'g ' 



450 FISHES. 

Small species, abundant in the Indo- Pacific, disappearing 



on the coasts of .Ta 2 )fin and Australia. Some eighteen sj)ecies 
have been described. 

Gazza is very similar to 3juula, but armedSvith canine 
teeth in the jaws. 

Other genera referred to this family are Lactarms {L. dcli- 
catulus, common, and eaten on tlie East Indian coasts), SeHo- 
lella, Paropsis, and Platystdlius. 


Third Family — Cyttid/K. 

Body elevated, comp>rcssed, covered with small scales, or with 
lucUers, or naked; eye lateral. Teeth conical, small. No 
lony stay for the pr-coopercidum. Dorsal fin composed of two 
fiistinct poi-tions. Vcntrals thoracic. No pi'ominent papilla 
near the vent. Gill-opening Wide. More than ten aldominal 
and rnore than fourteen caudal vertchree. 

;; The fishes of the “ Doiy ” family are truly marine, and 
temperate zone of the Northern and Southern 
^^ii^pheres. Some fossils from tertiary formations (one from 
sfio'sfa) bebng to the cenus .ZcMs. 
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Zeus.— A series of bony plates runs along the base of the 
dorsal and anal fins ; another series on the abdomen. Three or 
four anal spines. 

“John T)ory.s” are found in the Meditenanean, on the 
eastern temperate shores of tlic Atlantic, on tlie coasts of 
Japan and Australia. Six species are known, all of which 
are highly esteemed for the talile. The English name oiven 
to one of the European species {Zcnsfuhcr) semns to be mrtly 
a corruption of the Cascon “Jan,” which .signilies cock, 
“Dory” being derived from the French Doree, so that the 
entire name means (lilt-Oock. Indeed, in s.nne other locaU- 
ties of Southern Europe it boars the naim; of a,dlo. The 
same s^pecies occurs also on the coasts of South Australia and 
New Zealand. The fishermen of Homan Catliolic countries 
hold this fish in special respect, as they recognise in a black 
round spot on its side the marie left by the thumb of St. 
leter when he took the piece of money from its mouth. 


Cyttus.- 


•-Body covered with very small .scales ; no o,sseoua 



Fig. 201' — CyttuB australis. 
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bucklers on any part of the body. Two anal spines ; ventral 
fins composed of one spine and six or eight rays. 

Three species are known from ‘Madeira, South Australia, 
and 'New Zealand. 

Fourth Family — Strom ateiile. 

Bodi/ more or less ohlong and compressed, covered ivith very 
small scales; eye lateral. Bcntitioii very feeble; oesophagus 
armed with numerous horny, harhed processes. No hony stay 
for the premperexdum. Dorscd fin single, long, without distinct 
spinous division. More than ten abdominid and more than 
fourteen ea.udcd vertehrev. 

This small family consists of strictly marine and partly 
pelagic species referred to tu^o genera, Stromateus and Centro- 
logdius. The former lacks ventral lins, at least in the adult 
stage, and is represented by about ten species in almost all 
the tropical and \varmer seas. Centrolophus, hitlierto known 
Irom two or three European species only (of whicli one occa- 
sionally reaches the south coast of Eiigiand, where it is named 
Black-fisli ”), lias recently been discovered on the coast of 
Peru, and has probably a mucli udder range. 

Fifth Family — C oRVPHyENiD/i:. 

Body compressed; eye Icdcred. Teeth small, conical, if 
present ; oesophagus smooth. No hony stay for the prawper- 
mdimi. Dorscd fin single, long, without distinct spnnous divi- 
sion, More than ten abdommal and more than fourteen 
caudal vertehroe. 

^ All the members of this family have pelagic habits. Ee- 
presentatives of it have been recognized in some fossil 
remains : thus Goniognathus from the Isle of Sheppey, and the 
living genus Mene {Gastrocnemus) at Monte Bolca. 

GoRYPELaSNA. — Body compressed, rather elongate ; adult speci- 

with a high crest on the top of the hejtd j cleft of the mouth 
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wide. A single dorsal extending IVoin the occiput almost to the 
caudal, which is deeply forked; no distinct dors.al and anal 
spines. The ventrals are well developed, and c.an he received in 
a groove on the abdomen. Scales very small. Kasp-like teeth 
in the jaws, on the vomer and the palatine hones. Air-bladder 
absent. 

Generally, though hy niisap])lieation of the name, called 
Dolphins. About .six species an; known, each of which is 



Fig. 202. — Dolphin from the Athiiilic, 


probably (listril)ute(l over all tlie trojiical and sub-tropical 
seas. Stiictly pelu'gic in tbeir babits, they arc most powerful 
swimmers ; they conoTegate in shoals, ami ])ursiie unceasingly 
the Flyiiig-.Fisli, wliicli try to escape theii* munnies by long 
leaps. Ihey attain to a Itmgtli oi six feet, and ai'o eagerly 
caught by sailors on account of tlieir well-flavoured flesh. 
Hie beauty of tlieir, unfortunately fugitive, colours lias ev'er 
been a subject of admiration. As fcr as the colours are 
capable of description, those of the common sjiecies {C. hip- 
purus), which is often seen in the Mediterranean, are silvery 
blue above, with markings of a deeper azure, and reflections 
of pure gold, the lower ])arts lieing lemon-yellow, marked with 
pale blue. Ihe pectoral fins are partly lead colour, partly 
yellow ; the anal is yellow, the iris of tlie eye golden. These 
iridescent colours change rapidly whilst the fish is dying, as 
in the Mackerel. The form of the body, and especially of the 
head, changes considerably with age. Very young specimens, 
from one to six inches in length, are abundant in the open , 
sea, and frequently obtained in the tow-net. Their body is ;, 
cylindrical, their head as broad; as highland the eye relatiyel^ i 
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very large, mucli longer than the snout. As the fish grows 
the body is more compressed, and finally a high crest is 
developed on tlie head, and the anterior part of the dorsal fin 
attains a height equal to tliat of the body. 

Brama. — Body compressed, and more or less elevated, covered 
with rather small scales ; cleft of the mouth very oblique, with 
the lower jaw longest. Dorsal and anal fins rnany-rayed, the 
former with three or four, the latter with two or three, spines ; 
caudal deeply forked. Ventrals thoracic, with one spine and’ 
five rays. The jaws with an outer series of stronger teeth. 

Pelagic fishes which, like the allied genus Taracks, range 
over almost all the tropical and temperate seas. 

Lampris. — Body compressed and elevated, covered with very 
small deciduous scales; cleft of the mouth narrow. A single 
dorsal, witho\it a .s})inous portion. Ventrals composed of numer- 
ous rays. Teeth none. 

The “ Sun-fish ” (Z. Inna) is one of the most beautiful. 



Fig. 203.— Lanipris luiia. 

of the Atlantic. It attains to the large size of four feet 
len^h, is bluish on the back, with round silvery spots, 
colon T 'Orevfl.ils on t.hp. Iowat*’ - narfa • fliA Hna ata nf a.. 
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deep scarlet. It is said to be excellent eating. It is a pelagic 
fish, not rare about Madeira, but extending far northwards in 
the Atlantic ; it seems to be rarer in the IVIediterranean. All 
the specimens hitherto obtained were full-grown or nearly so. 
The skeleton exhibits several peculiarities, viz. an extra- 
ordinary development and dilatation of the Immeral arch, and 
great strength of the numerous and closely-set ril)S. 

Other Corypluenoid genera are riciutdh, S(‘kcd()philuSf 
Diana, Ausonia, and Mem ; all pelagic forms. 

Sixth Family — 

Body old any, more or less compressed, covered wUk cycloid 
scedes of moderate she; eye laleiud. No hony stay for the pra> 
opereidum. Dorsed fin with a disivnet spinous porUon sepamted 
from the soft ; sornetimes jinleis ; candid, forked. More than 
ten ahdommal, and more than fourteen caudal vertelme. 

. Marine fishes ; pelagic, at least wlien young. 

Gastrociiisma. — Cleft of tlie mouth wide. Fiiilets beliind the 



^Fig. 204. — Gastrochisma melampus. ^ 

dorsal and anal fins. The ventral fins are exceedingly: 
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and Ipn^, and can be completely concealed in a fold of the 
abdomen. 

G, melamjms, from the coast of New Zealand ; scarce. 

Nomeus. — Cleft of the mouth narrow. No finlets. The 
ventral fin is long and broad, attached to the abdomen by a 
membrane, and can be received in a fissure of the abdomen. 

N. gronovii is a common pelagic fish in tlie Atlantic and 
Indian Oceans ; of small size. 

Other genera belonging to this family are Psenes and 
Cuhiceps. 

Seventh Family — Scombridh-:. 

Body oblong, scarcely compressed, naked or covered ivitli small 
scales ,* eye lateral. Pent it ion icell devc toped. JVo bony stay 
for the prwoperenlwm . ^ Two dorsal Jins; cjencratly jinlets, 
VentraU thoracic, ivitli one spine and five rays. More than ten 
abdoniincd, and more than fourteen caudal vertebra.’: 

The fislies ol the “ Mackerel ” family are pelagic forms, 
abundant in all the seas of tlie tropical and temperate zones. 
They are one of the four families of fishes whicli are tlie most 
useful to man, tlie otliers being the Gadoids, Clupeoids, and 
Salmonoids. They are fishes of prey, and unceasingly active, 
their power of endurance in swimming being equal to the 
mpidity of their motions. Their muscles receive a greater 
supply of blood-vessels and nerves tlian in other fishes, and 
are of a red colour, and more like those of birds or mammals. 
This energy ot muscular action causes the temperature of 
their blood to be several degrees higher than in other fishes. 
They wander about in shoals, spawn in the open sea, but 
periodically approach the shore, probably in the pursuit of 
other fishes on which they feed.^ 

Mackerel, like other marine fishes, bird^ and mammals of prey, follow 
'the shoals of young and adult Clupeoids in their periodical migrations ; on 
■ the British coasts it is principally the fry of the Pilchard and Sprat which 
£*0111 the open sea towards the coast, and guides the movements of 
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Scomhridce are well represented in tertiary formations : in 
the Eocene schists of Glaris two extinct genera, Palimphycs 
and Isurics, have been discovered, in Eocene and Miocene 
formations Stwnher, Tit y nuns, and Cylnum are not uncommon. 

Scomber. — The first dorsal continuous, with f(‘el)le spines ; 
five or six finlets heliind the dorsal and anal. Scales very small, 
and equally covering the whole body. 'Feetli small. Two short 
ridges on each side of the caudal fin. 

Mackerels proper are found in almost all teinjairate and 
tropical seas, with the exception of the Atlantic shores of tem- 
perate South America, where theyhave not been Ibund hitherto. 
In Europe, and probably also on the coast oi‘ England, three 
species occur : >S'. scoinher, the common Mackend, which lacks 
an air-bladder ; >S^. a more soutlunu si)ecies, 

with an air-ldadder ; and S. coliffs, like the lornier, but with 
a somewhat diirerent coloration, and often called “Spanisli” 
Mackerel. On the Cape of Good Hope, in Japan, on the 
coast of Califbrjiia, in S(.)utli Austi’alia, and New Zealand, 
Mackerels are alnindant, which are eitla^r identical with, or 
very closely allied to, the European species. On the coasts 
of the United States the same s})ecies occur which tenant the 
western parts of the Atlantic. Altogether seven species are 
known. 

Thynnus. — The first dorsal continuous, with the spines rather 



Fig. 205. — Thynnus thynnus. 


feeble; from six to nine finlets behind the dorsal and ao»},ij 
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Scales of the pectoral region crowded, forming a* corslet. Teeth 
rather small. A longitudinal keel on each side of the tail. 

The best-known species of this genus is the “Tunny” 
{Thyiimis thynnm), abundant in tlie Mediterranean, and rang- 
ing to the south coast of England and to Tasmania. It is 
one of the largest fishes of the ocean, attaining to a length of 

• ’no 

10 feet, and to a weight of more tlian 1000 lbs. The fishery 
of the Tunny is systematically carried on in the Mediter- 
ranean, and dates from the most remote antiquity. Its salted 
preparation was esteemed by the Eomans under the name of 
ScdtamentAim sardicum. Its flesh is extensively eaten now, 
fresh as well as preserved. 

TJiApmvs j^clcmiys, or tlie “ Eonito,” is equally well known, 
and ranges over all tlie tropical and temperate seas ;• it eagerly 
pursues tlie Flying-fish, and affords welcome sport and food 
to the sailor. In its form it resembles the Tunny, but is 
more slender and rarely above three feet long. 

Some of the other species arc provided with very long 
pectoral fins, and generally called by sailors “Albacore.” 
They are said to grow to a lengtli of six feet ; F)ennett in his 
“Whaling Voyage,” vol. ii. p. 278, makes the following obser- 
vations on Til. gormOy from the Pacific : “ Ships when cruising 
slowly in the I^icific Ocean, are usually attended by myriads 
of this fisli for many successive months. A few days’ rapid 
sailing is, nevertheless, sufficient to get rid of them, however 
numerous they may be, for they seldom pay more than very 
transient visits to vessels making a quick passage. When 
the ship is sailing with a fresh breeze they swim pertinaciously 
by her side and take the hook greedily, but should she be 
^Hiotionless or becalmed they go off to some distance in 
r^^earch of prey, and cannot be prevailed upon to take the 
tempting bait the sailor can devise. It is probably as 
from their chief enemy, the Sword-fish, that they 
^ ship, I am not aw^re that the Shark is 
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also their enemy ; hut they seemed to have an instinctive 
dread of this large fish, and wlien it ap})roached the ship, 
would follow it in shoals, and annoy it in tlie same manner 
as the smaller birds may be seen to annoy those of a larger 
and predaceous kind, as the ]ia,wk or owl. They are very 
voracious and miscellaneous feeders. Flying- lish, Calmars, 
and small shoal -fish are their most natural food; though 
they do not refuse the animal oifal from a shi]). Amongst 
the other food contained in their maw, we have, found small 
Ostracions, File-fish, Sucking-fish, Janthiiia shells, and pelagic 
crabs ; in one instance a small Bonita, and in a second a 
Dolphin eight inches long, and a Baper-ntuiiilus shell con- 
taining its sepia-tenant. It was often amusing to watcli an 
Albacore pursuing a Flying-fish, and to mark the precision 
with which it swam l)eneatli the feeble a‘i*onaut, keeping 
him steadily in view, and ])reparing to seize him at the 
moment of his descent. But this the Flying-fish would often 
elude by instantaneously renewing his lea]), and not un- 
frequently escape by extreme agility.” 

Pelamys. — Tlie first dorsal continuous, with the s])ine.s rather 
feeble ; from seven to nine finh^ts behind the dorsal and anal. 
Scales of the pectoral region forming a corslet. T(;eth moderately 
strong. A longitudinal keel on each side of the tail. 

Five species are known, of which 1\ sarda is common in 
the Atlantic and Mediterranean. 

Auxis. — Differing from the ])receding two genera in having 
very small teeth in the jaws only, none on the palate. 

Auxis Tochei common in the Atlantic, Mediterranean, and 
Indian Ocean. 

, Cybium. — The first dorsal continuous, with the spines rather , 
feeble ; generally more than seven finlets behind the* dorsal ^Aid 
anal. Scales rudimentary or absent. Teeth strong; a longi-^ vg 
tudmal keel on each side of the tail. 

Twelve species from the tropical Ajblantic and 
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Ocean ; frequenting more the coast-region than the open sea ; 
attaining to a length of four or five feet. 

Elacate. — Body covered with very small scales ; head de- 
pressed ; cleft of the mouth moderately wide ; no keel on the 
tail. The spinous dorsal is formed by eight small free sj)ines ; 
finlets none. Villiform teeth in the jaws, on the vomer and the 
palatine bones. 

Mamie m/jra^ a coast fish common in the warmer parts of 
the Atlantic and the Indian Ocean. 

Eciieneis. — The spinous dorsal lin is modified into an adhesive 
disk, occiq)ying the upper side of the head and neck. 

This genus is closely allied to the p)receding, from which 
it differs only by the transformatioii of tlie spinous dorsal 
fin into a sucking organ. The spines beiiig comj)osed of two 
halves, each half is bent down towards the right and the left, 
forming a support to a double series of transverse lamelhe, 
rough on their edges, the whole disk being of an oval shape 
and surrounded by a membranous fringe. Each pair of lamelhe 
is formed out of one spine, which, as usual, is supported at 
the base by an interneural spine. By means of this disk the 
Sucking-fishes ’’ or “Suckers’’ are enabled to attach them- 
selves to any flat surface, a series of vacuums being created 
by the erection of the usually recumbent lamelha?. The ad- 
hesion is so strong that tlie fish can only be dislodged with diffi- 
culty, unless it is pushed forward by a sliding motion. The 
Suckers attach themselves to sharks, turtles, ships, or any 
other object which serves their purpose. Tliey cannot be 
regarded as parasites, inasmuch as they obtain their food 
independently of their host. Being bad swimmers they 
: allow themselves to be carried about by other animals 

vessels endowed with a greater power of locomotion. 
rThey were as well known to the ancients as they are to 
> the luodem navigators. Aristotle and Aelian mention the 
under the name of <f>0€lp, or the Louse ; “ In the sea 
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between Cyrene and Egypt there is a tisli about the Dolphin 
{Delphinus), wliich they call the Louse; tins becomes the 
fattest of all fishes, because it ]x\rtakes of* the plentiful supply 
of food captured by the Dol])hiii.” Later writers, tlien, repeat 
a story, ‘the source of which is unknown, viz. that the 
“ Eemora ” is able to arrest vessels in tlieir course, a story 
which has been handed down to our own time. It neiMl not 
be stated that tliis is an invention, though it cannot he denied 
that the attachment of one of the larger spi'cit's may I’ctard 
the progress of a sailing vessel, es])ecial]y when, as is some- 
times the case, several individuals accompany tlie same shi}). 
An account of a somewliat ingenuous way of cateliing 
sleeping turtles by means of a Sucking-iish hcdd l)y a ring 
fastened round its tail, appears to have originated rather from 
an experiment tluin from regular ])ra,ctice. 

Ten dilferent spt‘cies are known, of wliich E cl icncis remora 
and EchencAs naucrcUcs are the most common. Tlie former is 
short and grows to a length of eiglit inclu'S only, tlie latter is 
a slender fish, not rarely found three feet long. The bulkiest 
is Echcncis smtata, which attains to a length of two feet ; 
individuals of that size weighing about eight lbs. 

The number of jiairs of lamelhe varies in the various 
species, from 12 to 27. The c.audal fin ol some of the species 
undergoes great changes with age. In young specimens 
the middle ])ortion of the tin is ])i*odu(u.‘d into a long 
filiform lolie. This lobe beconuis gradually shorter, and the 
fin shows a rounded niargin in individuals of middle age. 
When the fish a])proaclies the mature state, the upper and 
lower lobes are produced, and the fin becomes subcrescentic 
or forked. . 

[See Giinther, “On tli(3 History of Eelieneis.” Ann. and Mag. Nat, 
Hist., I860.] . e ; 
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Eighth Family. — TRA ciiiNiHiE. 

Body elongate , low, naked or covered v:ith scales. Teeth 
small, conical. No hony stay for the inacoijcrcnlum. One or 
two dorsal fins, the spinons portion being always shorter and 
much less developed than the soft ; the anal similarly developed 
as the soft dorsal ; no finlets, Ventrals with one spine and five ^ 
rays, Gill-ogjening more or less wide. Ten or more than ten 
abdominal, and more than fourteen eauddl vcrtchw. , 

Carnivorous coast-fislies of small size, found in every 
quarter of tlie globe, but scarcely represented in the Arctic 
zone {Trichodon) ; on the other hand, they are rather numer- 
ous towards the Antarctic circle. All are bad swimmers, 
generally moving along the bottom in small depths. Only 
one genus {Bathydraco) is known from the deep-sea. 

A genus which show’s the principal characters of this 
family (Cedlipteryjf has been found in the tertiary deposits 
of Monte Bolca ; it is scaleless. A second genus, Traehinopsis, 
has been recently described by Sauvage iTom the Upper 
Tertiary of Lorca in Spain ; and a third {Pseudoeleginus) from 
the Miocene of Licata, 

This family may be subdivided into five groups 

1. In the UiiANOScoriNA the eyes are on the upper surface of 
the head, directed upwards ; the lateral line is continuous. 

URANOSCorus. — Head large, broad, thick, partly covered 
with bony plates ; cleft of the mouth vertical. Scales very small. 
Two dorsal fins, the first with from three to five spines ; ventrals 
jugular ; pectoral rays branched. Villiform teeth in the jaws, 
on the vomer and palatine bones ; no canines. Generally a 
long filament below and before the tongue. Gill-covor armed. 

< The position of the eyes on the upper surface of the head, 
Vhich these fishes have in common with many others, is well 
by the name Uranoscopus (Stare-gazer).‘ Their eyes 
, small, and' can be raised or depressed at the will of 
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the fish. They are inactive fishes, generally lying hidden at 
the bottom between stones, watching for their prey. The 
delicate filament attached to the bottom of tlieir nioutli, and 
playing in front of it in the current of water which passes 
through the mouth, serves to lure small animals witliiii reach 
of the fish, l^fieveu species are known from the lndo-l\icific 
and Atlantic, and one {U. snther) from the Mediterranean; 
they attain rarely a lengtli of twelv(i inches. 

LEPTOSCorus. — Form of thehead as in r but entirely 

covered with a thin skin. Scales small, cycloid. One continuous 
dorsal ; veiitrals jugular ; pectoral rays l)ranched. Villiform 
teeth in both jaws, on the vomer and palatine bones ; canines 
none. No oral filament. Gill-cover unanmMl. 



Fig. 20C. — Leptoscopus iiiacropygiis. 

Lejyfosccrpit:^ macroj^yfjus^ not i*are on the coast of New 
Zealand! 

Other genera of Stare-gazers are ylfpiUH from the Atlantic 
coasts of North America; Anana from the Indian Ocean and 
New Zealand; and Kaihdodoraa frojii Australia and New 
Zealand. 

2. In the Trachinina the eyes are more or less lateral; the 
lateral line is continuous; and the intermaxillary without a 
larger tooth on its posterior portion. 

Trachinus. — Cleft of the mouth very oblique ; eye lateral, 
but directed upwards. Scales very small, cycloid. Two dorsal 
fins, the first short, with six or seven spines ; ventrals jugular ; 
the lower pectoral rays simple. Villiform teeth in the jaws, qU/ . 
the Corner and palatine bones. Prseorbital and pra^operculuiA ; ^ , 
■amed. 
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The “ Weevers ” are common fishes on the European 
coasts, a’nd but too well known to all fishermen ; singularly 
enough they do not extend across ‘the Atlantic to the 
American coast, but reappear on the coast of Chili ! Wounds 
by their dorsal and opercular spines are much dreaded, being 
extremely painful, and sometimes causing violent inflamma- 
tion of the wounded part. No special poison-organ has been 
found in these fishes, but there is no doubt that the mucous 
secretion in the vicinity of the spines lias poisonous properties. 
The dorsal spines as well as tlic o])ercular spine have a deep 
double groove in wliich the poisonous fluid is lodged, and by 
which it is inoculated in the punctured wound. On the 
British coasts two species occur, T. draco, the Creater Weever, 
attaining to a Icngtli of twelve inches, and T. minra, the 
Lesser Weever, wliich grows only to half that size. 

Champsodon.— B ody covered with minute gTanular scales ; 
lateral lines two, with miinerous vertical Tiranches. Cleft of the 
mouth wide, oblique. Eye lateral, but directed upwards. Two 
dorsal fins ; ventral fins jugular ; pectoral rays branched. Teeth 
in the jaws in a single series, thin, long, of unequal size. Teeth 
on the vomer, none on the palate. Gill-openings exceedingly 
wide. Prieoperculum with a spine at the angle and a fiye serra- 
ture on the posterior margin. 

Chaiwpmhn vorax is not uncommon at small depths off 
the Philippine Islands, Admiralty I.slands, and in the Arafuia 
Sea. 

Peucis. — Body cylindrical, with small ctenoid scales ; cleft 
of the mouth slightly oblique ; eye lateral, but directed upwards. 
Dorsal fins more or less continuous, the spinous with four or five 
short stiff spines ; ventrals a little before the pectorals. Villi- 
fqrm teeth in the jaws, with the addition of canines ; teeth on 
the vomer, none on the palatines. Opercles feebly armed. 

■ Fifteen species ; small, but prettily coloured shore-fishes 
of the Indo-Pacific. 

SiLLAGO. Body covered with rather small, ctenoid scales. 
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Cleft of the mouth small, with the upper jaw rather longer ; eye 
lateral, large. Two dorsals, the first witli from nine to twelvi' 
spines ; ventrals thoracic. Villiform teeth in the jaws, and on 
the vomer, none on the palatine bones. Operculum unarmed ; 
pra^operculum serrated. The bones of tlu' bend with wide 
muciferous channels. 

Eight sp(3eies; small, plain-coloured shore-fishes, common 
in the Indian Ocean to the coasts of Australia. 

BoviCiiTll YS. — Head broad and thick ; cleft of the mouth 
horizontal, with the uppm* jaw rather longi'r ; (‘ye latm-al, more 
or less directed upwards. Scales none. Two separate dorsal 
lins, the first with eight spiiu's ; ventrals jugular; the lower 
pectoral rays sinn)le. Villiform t(‘eth in the jaws, on the vonnu* 
and the palatine liones ; no caniiu‘s. ()[)(‘rculum with a strong 
spine ; pra'orbital and pneoperculum not arm(*d. 

Three species are known from the South Pacific. 



Fig. 207. — Head of Bovichthys variegatus, from New Zealand. 


Bathydraco. — Body elongate, sub-cylindrical; head di3pressed, 
with the snout much elongate, spatulate ; mouth wide, horizon- 
tal, ^with the lower jaw prominent; eyes very large, lateral, 
close together. Scales very small, imbedded in the skin. Lateral 
line wide, continuous. One dorsal fin; ventrals jugular; the 

2h 
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lower pectoral rays branched. Teeth in the jaws in villiform 
bands ; none on the vomer or the palatine bones. Opercles 
unarmed ; ten branchiostegals ; the gill-membranes free from the 
isthmus, and but slightly united in front. Air-bladder none. 

A deep-sea fish, found at a depth of 1260 fathoms in the 
Antarctic Ocean (south of Heard Island). 

Head very large, with the snout spatulate and 
with the cleft of the mouth very wide. Eye lateral. slX' 

d^is granulated scutes. Two 

.als, the first with seven spines ; ventrals jugular. Jaws with 
rasp-hke teeth ; palate toothless. 

froni Kerguelen’s Land (see Fig. 
08 p ..91) ; and O/i. e,ox from the Straits of Magelhaen. 

/7m 7^ T belonging to this group are Jphriiis, Acan- 

tlmphnH. Mcrjinns, Cha^viMys, and Clmaa,^rlAMu,s from 
le .outh J’acihc and Antarctic zone; Cottoimxa from the 
west coast on>atagonia ; i.rcoyJiO from the co.4t of Southern 
razil, and friehodon from the coast of Kamtschatka. 

3. In the PiNGuiPEDiN-A the body is covered with small scales • 
the eye lateral; the lateral line continuous; and the int; 

Two genera, Pin.juipcs and latilns, from various parts of 
lopical and sub-tropical seas, belong to this group. 

4. In the PsEUDocHROMiDES, the lateral line is interrupted or 

not continued to the caudal fin • u “'^erruptea or 

dorsal only. ’ continuous 

^ These fishes are inhabitants of coral reefs or coasts • 
put wgnatlms, Fscudocliromis, Cichlops, and Fseudoplesiops. 

tfi. 4 o'® Nototheniina the la'teral line is interrupted • and 

the dorsal fin consists of two separate portions. ’ 

rot44^^ represent in the Antarctic zone the 

S ts 1 1^ •• W the w 

habits as their northern analogues. In iVb/o/7icm«, which on 
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the southern extremity of South America, in New Zealand, 
Kerguelen’s Land, etc., is representcMl by about twtuity species, 
the body is covered with ctenoid scales, end the bones of the 
head are unarmed ; wliilst irarpagifi v, a small species Avith 
a similar range as Nof.otliniia, has the body naked, and the 
operculum and sul)-operculum armed wit!) long and strong 
spines. 

Ninth Faahly — ]\ rALACANTiiiD.i% 

Body donyaic, with, very soiall mites; wouth irith tlikh 
lips; a 0?/. the, intenjico itlary. JJorsdl 

and anal Jins very lony, the former v'ith a few simple rays 
anteriorly ; ventra/s thoraeie, iritk one spine and f ee, rays, 
G'dl-openiny nnde, with, the yilt-inernhwnes ‘nnited below the 
throat. Ten ahdonivnal and fourteen eandal rertebrir. • 

One genus only, MalaeardJins, witli three s])ecies from 
tropical seas. 

Tenth Family — I kvTJiAGHiDyi:. 

jread broad and thiek ; body donyate^ CAwnpressed behind ; 
skin naked or with small scales. Ah bony stay for the prai^ 
operculum. Teeth conical, small or of moderate size. The 
spinous dorsal consists cf two or three serines only ; the soft and 
the anal lony. Ventreds jugular, with two soft rays ; pectorals 
not pediendatod. Gill-opening a more or less vertical slit before 
the pectoral, rather narrow. 

Carnivorous hsjies, of small size, living on the bottom of 
the sea near tlie coast in the tropical zone, some species 
advancing into the warmer parts of the temperate zones. 

Batrachus. — The spinous dorsal is formed by three stout 
spines. Gill-covers armed with spines. Circumference of the 
mouth and other parts of the head frequently provided with 
smai^ skinny tentacles. 

Some of the fishes of this genus possess a subcutaneous 
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spacious cavity behind the base of the pectoral fin, the inside 
of which 'is coated with a reticulated mucous inembrane. It 
opens by a foramen in the upper part of the axil. This 
apparatus is tlie same which is found in many Siluroid fishes, 
and which has been noticed above, p. 192. There cannot be 
any doubt that it is a secretory organ, but whether the 
secretion has any poisonous properties, as in the Siluroids, or 
as in Thdlcissoi^liTync, has not Ijcen determined. h[o instance 
of poisonous wounds having been indicted by these fishes is 
on record. Twelve sj)ecies are hnowii, the distribution of 
which coincides with that of the family ; one very fine species, 
i). didadyl'us, occurs in the Mediterranean. 

THALASSoriiiiYNK. — The spinous dorsal is formed by two 
spines only, each of wliich is hollow, like the opercular spine, and 
conveys the contents of a poison-bag situated at its base. Canine 
teeth none. 

Two species are known from the Atlantic and Pacific 
coasts of Central America. Tlie poison-apparatus is more 
perfectly developed than any other known at present in the 
class of fishes ; it has been described al)Ove, p. 192. The 



Fig. *208. — Thalassoplirjaie reticulata. 

species figured, Tli. rdiculcda, is not uncommon at Panama, 
and attains to a length of fifteen inches. 

PORICHTIIYS. — Two small dorsal spines; a canine tooth on 
each side of the vomer. 

Two species, from the Atlantic and Pacific sides of Central 
and South America. 
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Eleventh Family— rsYciiiiOLUTiD.E. 

Body rather elongate, nalrd ; head hroad. Sj)i nous dorsal 
separate or absent. Ventral Jins elose together, thoraeie, vom-' 
ywsed of a few rays. Teeth smcdl. Three gilts and a half; 
'pseudohranchia^ irell developed; gill-openings of ninderate width, 
the gill-memlawnes hetng attached to the isfhinns. 

Of this fiiiiiily only two represen hit ivt\s are known, viz. 
Fsychrolutes parado.rns, from Yaneonver’s Islands, without 
first dorsal fin; and NcoplvrynielUhj/s la Ins, iVoni New Zinilaud, 
with two dorsal hns. Both are very searee marine iishes. 


Twiu.fth Family — Pediculati. 

iread and anterior part of the hody very large, without 
scales. No hony stay for the praaperculuni. Teeth rilliform 
or rasp-lihe. The spiiums dorsal is adv(niced forwards, com- 
posed of a few more or less isolated spines, often tretnsformed 
into tentacles ; or eritirely ahsent. Ventnd Jins jnguhvr, with 
four or Jive soft r(rys, semetlmes (ihsent. TJai carpal hones are 
prolonged, f err inin^^ a, sort of arm, terrninating rn the pectond. 
Gill-opcnivg reduced to a snudl f)ramen, situated in or near 
the cveil. GUIs two and, a, half, or three, or three and. a half ; 
gjse'udolwetnch ier generally ahsent. 

This family contains a larger nnniher of hizarre forms 
than any other; and there is, ])erlia|)S, none in whicli the 
singular organisation of the fish is morii distinctly seen to be in 
consonance with its haliits. P(‘dicnlates are found in all seas. 
The halhts of all are equally sluggish and imuTive ; they are 
very had swimmers; those found near the coasts lie on the 
bottom of the sea, holding on Avith their arm-like pectoral 
fins by sea- weed or stones, between which they are hidden ; 
those of pelagic habits attach themselves to floating sea-weed 
or other objects, and are at the mercy of wind and current. A 
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large proportion of the genera, therefore, have gradually found 
tlieif way to the greatest depths of the ocean ; retaining all 
tlie characteristics ot tlieir surface-ancestors, but assuming the 
modifications by which they are enabled to live in abyssal 
depths. 

LOPIIIUS.— Hoad exceedingly large, broad, depressed, with the 
eyes on its ipiper surface ; cleft of the mouth very widt'. Jaws 
and palate armed with rasp-like depressible teeth of unequal 
size. Body naked ; bones of the head armed with numerous 
spines. The three anterior dors.al spines are isolated, situated 
on the head, and modified into long tentacles ; the three follow- 
ing spines form a continuous fin; the soft dorsal and anal 
short. Gills three. Young individuals have the tentacles beset 
with lappets, and most of the fin-rays prolonged into filaments. 

These fishes are well known under the nanie.s “ I'ishing- 
Prog,” “ Prog-fislic.s,” “ Anglers,” or “ Sea-devils.” They -are 
coast-fishes, living at very small depth.s. Pour species are 
known : tlie British species (Z. found all round 

the coasts of Europe and Western North America, and on tlie 
Cape of Good Hope; a second (Mediterranean) species, L. 



Fig. 209. — Lophius piscatorius. 


hudega&m; L. setigerm from China and Japan; and L 

warem from the Admiralty Islands. ' - 

The habits of aU these species are identical. The wide 
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mouth extends all round the anterior circumference of the 
head, and both jaws are armed witli bands of long pointed 



teeth, wliicli are inclined inwards, aiid can 1)0 d(‘pressed so 
as to oiler no impediment to an o])je(;t gliding towards the 
stomacli, but prevent its escapii from tlie moutli. Tlie pec- 
toral and ventral hns are so articulatcal Jis to perform the 
functions of teeth, the lisli l)eing enaldcd to mov(^, or rather 
to walk, on tlie liottom of the sea, where it generally liides 
itself in the sand, or amongst sea- weed. All round its head, 
and also along tlie liody, the skin bears fringed appendages, 
resembling short fronds of sea-weed ; a structure which, 
combined with the extraordinary laculty of assimilating the 
colours of the body to its surroundings, assists this fish 
greatly in concealing itself in places which it selects on 
account of the abundance of prey. To render the organisa- 
tion of these creatures perfect in relation to their wants, they 
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are provided with three long filaments inserted along the 
middle of the head, which are, in fact, tlie detached and 
modified three first spines of the anterior dorsal fin. The 
filaments most important in the economy of the fishing-frogs 
is the first, which is the longest, terminates in a lappet, and 
is movable in every direction. There is no doubt that the 
Fishing-frog, like many other fisli provided with similar 
axjpendages, plays with this filament as with a bait, attract- 
ing fishes, which, when sufficiently near, are ingulfed by the 
simple act of the Fishing-frog opening its gape. Its stomach 
is distensible in an extraordinary degree, and not rarely fishes 
liave been taken out of it (piite as large and hea\y as theii 
destroyer. Tlie British species grows to a length of more 
than five feet ; specimens of three feet are common. Baird 
records that tlie spawn of the same species has been observed 
as a floating slieet of mucus, of from some GO to 100 scpiare feet. 

Ceratias. — Head and body much compressed and ekwated ; 
cleft of the mouth wide, subvertical. Eyes very small. Teeth 
in the jaws rasp-like, depressible ; palate toothless. Skin covered 
with numerous prickles. The spinous dorsal is reduced to two 
long isolated spines, the first on the middle of the head, the 
second on the back. The soft dorsal and anal short , caudal 
very long. Ventrals none ; pectorals very short. Two and a 
half gills. Skeleton soft and fibrous. 

Ceratias Jiolholli, a decp-sca fish ; only a few examples 
have been found near the coast of Greenland, and from the 
mid- Atlantic ; the latter at a depth of 2400 fathoms. Deep 
black. 

HiMANTOLOriiUS. — Head and body compressed and elevated ; 
cleft of the mouth wide, oblique. Eyes very small. Teeth of 
the jaws rasp-like, depressible; palate toothless. Skin with 
scattered conical tubercles. The spinous dorsal is reduced to a 
single tentacle on the head. The soft dorsal, anal, caudal, ^and 
pectoral short. Ventrals none. Three and a half gills. Skele- 
ton soft and fibrous. 
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This is another deep-sea form, hitherto found in very few 
examples in the Arctic and iMid-Atlantic Oceans. The 
single tentacle is beset with many long fdameiits at its 
extremity, thus answeihig tlte sam(‘ pur])ose wliich is attained 
by a greater numlxu' of tentacles. Dt'cp black. 

Mei^ANOCRTUS. - Jh‘ad and body comyn’essod ; bead very large; 
cleft of the month exceedingly wide, vertical. Eyes very small. 


f 



Fiy. 211. — M<‘lnuoct‘t us jolmsoiiii. 


Teeth of the jaws and vomer ras})-like, depressilde. Skin smooth. 
The spinous dorsal is reduced to a single filann'iit place.d on the 
head. Tlie soft dorsal and anal short. Veiitrals none. 

Two species are known from tlici Atlanli(j : d/. hispinoss7is 
and 31. joJmsonii, olitaincd at dc,))tbs of Ironi dOO to 1800 
fathoms. The s])eci]ncn jigunal was not ([uite four inches 
I long, and contained in its stomach, rcdled u]) spirally into a 
ball, a Scopeline tish which measured 7i indies in length 
and one inch in dejith. 

Oneirodks. — A d(‘ep-sea fish from the Arctic Ocean, differing 
from the preceding in possessing a .second isolated dorsal ray 
on the back. 

^NTENNARius. — Head very large, high, compressed ; cleft of 
the mouth vertical or sub-vertical, of moderate width. Jaws 
and palate armed with rasp-like teeth. Lye small. Body naked 
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or covered with minute spines ; generally with tentacles. The 
spinous dorsal is reduced to three isolated spines, the anterior 
of which is modified into a tentacle, situated above the snout. 
The soft' dorsal of moderate length ; anal short. Ventrals 
present. 

The fishes of this genus are pelagic, frequently met with in 
mid-ocean between the tropics, especially in parts of the sea 
with floating vegetation ; not rarely individuals are found far 
from their native latitudes, carried by cuirents to the coasts 
of’ Norway and New Zealand. Their power of swimming is 
most imperfect. Wlien near tlie coast they conceal tliem- 
selves between corals, stones, or iiicus, holding on to the 
ground by means of their arm-like pectoral fins. Their 
coloration is so similar to their surroundings tliat it is hardly 
possible to distinguish tlie fisli from a stone or coral over- 
grown with vegetation. Their way of attracting and seizing 
their J)rey is evidently the same as in the other fislies of this 
family, ihe extraordinary range of some of the species which 
inhabit the Atlantic as well as tlie Indo- Pacific Oceans, is the 
consequence of their habit of attaching tliemselvcs to floating 
objects. Almost all the species are highly coloured, but the 
pattern of tlie various colours varies exceedingly. These 
fishes do not Jittain to any considerable size, and probably 
never exceed a length of ten inches. A great number of 
species have been distinguislicd liy ichthyologists, buk? 
bably not more tlian twenty are known at ])reseTit. The 
species figured on p. 295 (A. cmuiomuculatus) i.s common 
in the lied Sea, and probably occurs in otlier pants of the 
Indian Ocean. 

Bmchionichtliys and Saccarius are allied genera from South 
Australia, Tasmania, and New Zealand. 

^ Chaunax.— Head very large, depressed; cleft of the m,,uth 
wide, sub- vertical ; eye small ; rasp-like teeth in the jaws aul 
padate. Skin covered with minute spines. The spinous dorsal 
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is reduced to a small tentacle above the snout ; the soft dorsal 
of moderate length ; anal short ; ventrals lu'csent. 

A deep-sea fish (Oh. of nniforni ]>iiik colour ; 

hitherto found near Madeira and the Fidji Islands, at a depth 
of 215 fatlioms. 

Malthe. — Anterior portion of the body vcuy broad and 
depressed. The ant(‘rior j>art of the snout is ])roduced into a 
more or less prominent process, beiuavth wliicli then' is a tmitacle 
retractile into a cavity. Jaws and palate with villiloriu teeth. 
Skin with^ nunuu'ous conical protuberances. Soft dorsal tin aUd 
anal very short. (ilill-op(ming superiorly in tla* axil ; gills two 
and a half. 

Although the rostral tentach; is situated at the lowin’ side 
of the projection of the snout, it must be regardinl as tlie 
homologue of a dorsal s])ine. in soim^ ol the prec,eding 
genera, Oncivodcs and (Jhaunax, the first dorsal s])ine is so far 
advanced on the snout as to conie into coniusdion with the 
iiiterinaxillary processes ; and the ])osition ut tin; rostral 
tentacle in Mcdthe is only a still more advanced st(‘j) towards 
the same speidal purpose for which the first doisal s])ini3 is used 
in this family, viz. for the ])UJpose of obtaining lood. In 
Malthe it Is obviously an organ of touch. This genus belongs 
to the American shores of the Atlantic; J/. being 

a tro])ical, M. cvhifrons a northern sp(icii;s. 

IlALTEUTyEA. — Head exceedingly large, depressed, nearly circular 
in its circumference. Cleft of the mouth wide, horizontal. Jaws 
with small rasp-like teeth; palate smooth. Forehe.ad with a 
transverse bony bridge, beneath which is a tiaitacle (rostral spine) ^ 
retractile into a cavity. Body and head covered with small 
stellate spines. Soft dorsal and anal very short. Gill-opening 
superiorly in the axil ; gills two and a half. 

A coast-fish (//. stellata) from China and Japan. Frequently 
found dry in Chinese insect-boxes. 

'ibis genus appears to be represented in the Atlantic 
Ocean by Halieutichtliys from Cuba, and by Dihrarwhus, 
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dredged at a depth of 360 fathoms off the coast of West 
Africa; the latter genus possesses two gills only. Another 
genus, covered with large scattered tubercles, Aegcconichthys, 
lias recently been described from New Zealand. 


riiiRTEENTii Family — Gottid.e. 

^ Form of the hotly oUony, suh-r.ylindriml. Cleft of the 
mouth lateral. Dentition feeUe, (jenerally in villifotm hands. 
Some, hones of the head arc armed ; and a hony stay connects 
the praerpcrcxdar sfine with the infraorhital ring. Two dorsal- 
fins {rarely one), the .spinous heing less developed than the sofC 

and than the anal. Ventrals thoracic, with five or less- soft^ 
rays. 

4 he fishes of this family are of small size, liad SMunimers 
and generally living on tlie bottom, near tlie coasts, of almo 
all the arctic, tomjierate, and tropical seas. Only a few 1 
hi fresli water. Tliey prefer sliallow to deep water; and tlie^^ 
is only one instance known of a meiiilier of this family living 
at a gieat depth, viz. Coitus hathyhi-us from the Japanese sea, 
uhicli is stated to have been dredged in a depth of 565 
fathoms. Fossil representatives arc few in number ; two or 
three species of Trigla ; others, although having a general 
resemblance to the genus Cotlus, were covered with ctenoid 
scales, and therefore are referred to a distinct genus, Lepido- 
cottus ; they are from tertiary formations. 

CoTTUS.— Head broad, depressed, rounded in front ; body sub- 
cyhndrical, compressed posteriorly. Scaleless ; lateral lino pre- : 
sent. Pectoral rounded, with some or all the rays simple. Jaws 
and vomer with villiform teeth ; palatine teeth none. 

The “ Bull-heads ” or “ Miller’s Thumbs ” are small fishes 
from the shores and fresh waters of the northern temperate 
zone. Some forty species are known ; the greater number 
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live ill the northern half of the temperate zone. On the 
sliore, as well as in rivers, they prefer rocky or stony to 
muddy ground, lying concealed lictweeu 11,'e stones, and 
watching for their jirey, wliich consists of small ci'ustaceans 
and other a([uatic animals, 'fhe common Jhilish Jliller’s 
Thumb {C. ;/(ihio) is found in almost all suitahle fresh waters 
of Northern and Central Europe, especiall.v in small streams, 
iand extends into Northern Asia. Ollier frcsliwatcr species 
|alxmnd in North America and Northern Asia. tW/w.s' 
^corjnua and (f. luboHs, the common Kurojican marine species, 
h-ange across the Atlantic, to the American coasts. The male 
^ said to construct a nest, for the reception of the spawn, of 
,^a-weeds and stones, and to anxiously watch and defend 
ii.s olfspring. The spine at the angle of the iirasipercnlnm, 
l-hich is simple in the majority of the freshwater si.ecies, is 
,^equontly armed with accessory ])roocsses, and antlei-like, 
pi marine. 

C.iNTiUDKHJiicimivs differs from Co/fns in ha\ ing ti'cth on the 
jl^patine bones. 

I*' Eleven species are known, distributed like (Mtus, but 
ab.sent in Europe and North-western .Asia. 

ICEUT.s.— Head large, armed at the gill -covers and on the 
leck ; boily with a dor.sal .scries of bony jilatcs fioni the neck to 
he base of the caudal; lateral line with osseous tubercles; 
icattered sc.ales on the .side.s and abdomen. Vcntrals thoracic, 
vith less tlian five rays. No pectoral filaments. Villiform teeth' 
n the jaws, on the vomer and p.alatine lionixs. 

Iieprcsents Cottns in the far north ; /. luonatus is common 
ill Spitzbergen and (Ireenland, and has been found in abun- 
dance in lat. 81° 44'. 

Platycepiialus. — Head broad, much depres.sed, more or less 
armjd with spines; body depre.s.scd behind the head, sub- 
cylindrical towards the tail, covered with ctenoid scales. Two 
dorsal fins ; the first spine isolated from the others. Ventrals 
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thoracic hut rather remote from the base of the pectorals. 
Vfflifonli teeth in the jaws, on the vomer and palatine ones. 




Fig 212 — Platyceplialus cirrhonasus, from Port Jackson. 

Atout forty species «e k„o«n ot which some etl^ » 
length of two feet. ilns 
represents in the tropical Indian 
Ocean the Cotti of the Arctic, and 
the NototlienioR of the Antarctic 
zone. Like these, they live on the 
bottom in sliallow water, hidden 
TT . in the sand, the colours of which are 
'une'^S faToU. ‘ assimilated by those of their body. 
Therefore, they are very scarce near coral islands which are 
rnundi by erreat depths; whilst the number of species 
ir^ler coidcmblo on many points of the shelving Ans- 
* Tory roasts Their long and strong ventral fins are of great 
to them in locomotion. P. insidiator is one of the most 
on Indian and Australian fishes, and readily recog- 
Sd ty twoTbliVe black bands on the upper and lower 

caudBl lobes. , -I 1 j 

- "Snneci... if. is common on the coast of 

and tmqnenay placetl dxy hy the Chinese mto tat 

^l^^lHe»i pamUelopiped, with the «PP«f 

^ enlarged infraoAital coving the cheek. 
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Two dorsal fins. Three free pectoral rays. Villiform teeth. 
Air-bladder generally with lateral muscles, often divided into two 
lateral halves. The species may be referred to three groups : — 

1. Palatine teeth none ; scales exceedingly small, exebpt 

those of the lateral line : Trujla. 

2. Palatine teeth none ; scales of moderate size. : Lejpido- 

trigla. 

3. Palatine teeth present : Prionotus, 

> About forty species of “Gurnards” are known iVonx tropical 
and temperate zones. They are too well known to need 
detailed description ; one of their principal characteristics is 
the three free finger-like pectoral appendages, which serve as 



Fig. 214. — Trigla pleiiracantliica. 


organs of locomotion as well as touch, and which are suiiplied 
with strong nerves, as noticed above 
(pp. 108 and 120). The fins are fre- 
quently beautifully ornamented, espe- 
cially the inner side of the long and 
broad pectorals, which is most exposed 
to the light when the fish is floating 
on the surface of the water, with pec- 
torals spread out like wings. The 
grunting noise made by Gurnards when 

taken out of the water is caused by Fig. 215,— Scute of the - : 
the ^escape of gas from the air- lateral Ime of the same fUb. 

bladder through the open pneumatic duct. Gurnards 
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aetieraily used as food; seven species occur on the British 
^ ^ -Rpd Gurnard (T. vini), the Streaked Gurnard 

but rarely, !'« Americau species belonging y 

genera belong bi «■« t—y ; 
ple^nes. sabe tliey .« nrelAion^l-, — " 

Artrfiw.troni tlie Norlli Pacific,^ Siros 

tom Lake Ontario; /%«!- tron, Indian Seas; 

■ from the Japanese Sea. 

Boukteentu Bamily — Gataphracti. 
form of the body elongate, mh-cylindricaL BenUtim feeble 

A Ly stay <»»>»* »“ "I I”™!” '”'"* ‘ 

infraorbital ring. Ventrals thoracw. 

Marine fishes, and partly pelagic. Petalopteryx, fiom the 
chalk o£ Mount Lebanon, is supposed to have a leeeiublauoe 

to Bactylopterus, 

AG 0 N 1 IS.-H.ad and body angular, eo.erid leilh bony |Jato. 
T<ror««l to; no peo.oml apFUilaS- S“'> ■” 

, '“’'sm.n hshes, tom the uoitbern parts ot the Mm^rate 

rone and extending into the Arctic Ocean; ^ “ 
annears in the Southern Hemisphere on the coast 
(W^the eleven species known, one (.4. cataphractus) is n 
: tthcGmmon on the coast of Great Britain. ^ 

M'. ASPIDOPHOROIDES, from Greenland, has a very simi ar 
but possesses one^^ort dorsal fin only. 



f«:t?A35i^PKAXITt;^: 

SiPHAGONUS.— With the ^ snout produced into a Iptq; luoe 

like a Syngnathus ; chin prominent, with a barbel; 

From Behring’s Strait and Japan. 

PBRiSTEi’Hut— Head parallelepiped, with the upper sdrfaoe ? 
and the sides entirely bony ; each prseorbital prolonged into a long' 
flat process, projecting beyond the snout. Body cuirassed wiUi 
large bony plates. One continuous dorsal, or two dorsals, of which 
^e second is the more developed. Two free pectoral appendages. 
Teeth none ; lower j.aw with barbels. 

Singularly shaped fishes, of rather small size, from the 
Mediterranean, the warmer parts of tlio Atlantic, and the 
Indian Ocean ; of the ten species known one species only has 
been found in the Pacific, near the Sandwich Islands. The 
European species is F. cataphrnefum. They are not common, 
and probably inlmbit greiater depths than the Gurnards, with 
■which they have much in common as regards their habits. 


Dactylopterus. — Head p.arallelopiped, with the upper surface 
and the sides entirely bony ; scapula and angle of the preeoper- 
culum produced into long spines. Body with strongly keeled 



Fig. 216. — Dactylopterus volitans. 

second not much longer than the first ; pectoral veryf li 
with the upper portion detached and .i 
teeth in the jaws ; none on the palate. , 
fMed into two lateral, halves* each Vitt a laifirer mi 



ate very'abundaiit in the Mediterranean, the tippicW; , 
K^tic; and Indo-Pacific. They, and the Hying Herrm^^' 
llixocoetus), are the only fishes which are- enabled by theii. r 
Sj?' pectoral fins to take flying leaps out of the water, and 
l^erve the name of “ Plying-Fishes.” They are much heavier, 
i^d , attain to a larger size, than the Exocoeti, specimens of 
?iemhteeu inches in length not being scarce. When young, 
bectorals are much shorter, and, consequently, they are 
MMb to r^ise themselves out of the water (CepJudaccmt^. 
I.^V fhe vertebral column shows a singular coalescence of the 
Ikhterior vertebrfc, which form a simple tube, as in Fistvlcma, 

I|We insert here as an appendix to this division the small 
•I family of Fegaddcc, the natural aflinities of which are not yet 
Hi^l^ly understood, but which resembles in some of its ohar- 
^^^eters the Cataphracti. 

)' - ' ' ' I 

Fifteenth FAM.n.Y — P egasidh!:. ■ 

'Body entirely eovered xuith Imy plates, anehylostd on the 
f'fM and movaUe mi the tail. BarUls none. The margin of 
%,^-nvper jaw is formed h/ the intermaxillaries and their cuta- 
StbMS prolongation, whieh extends dovmwards to the extremity 
maxilldriei. Gill-cover foi-med hj a large plate, homolo- 
the operculum, p’ceopereuhm, and snhopereulum ; isf^ 
^^Mum a long fine hone, hidden helow the gill-plate. ^ 
kentary hranehiostegal. The gilhplate ie united wdn^lM 
a narrmo membrane.; gill-openings narrow, ^nfrdr^ 
' of the pectm-al fin. ' GUIs four, lamellated. 
and' air-bladder absent. One short dorsal -.andM^^ 
^ each other. Ventral fin present. Omri^f^ 









fins 

|Upper part of the snout produced into a shorter or 


^process. * Mouth inferior, toothless. Suborbital rii^, .w|EJ; 
. lieve^^^ forming* a suture with the "ill-cover. Vert^bfei^ 
, |n. small number, thin; no ribs. Four species are known^.;, 
|wo of which are of a shorter, and the two others of a longei^J; 
%rm. The former are F, dracoiiis, common in the Indiairj! 
pcean, and F. volans, which is frequently stuck by the Chiiie^'j 
Into the insect-boxes wliich they manufacture for sale.* The ‘ 



Fig. 217. — Pegasus iiataiis. 

two elongate species, F. natans and F. lanci/er, are from the 
Chinese and Australian coasts. ' They are all very small fishee^ - 
probably living on sandy shoal places near the coast. ; ;t; 


Ninth Division — Acanthoptekygii Gobiifokmes. 

The spinous dorsal, or spinous portion of the dorsdF.'i^^^ 
always present, short, cither composed of Jlexihle spines, or 
less developed than the soft ; the soft dorsal and anal of 
^ extent. No hony stay for the angle of the prmopereulwiiin, Fl^l 
’"^Hrals thoracic or jngidar, if present, composed of oiu spim.p^M 
rarely fotw, soft rays, A prominent anal ^ ^ ^ 

' 3hore-fishes, mostly exclusively marine, but 
living in fresh waters. ^ 

_ First FABhLY—I)isopBg]Qry^^^^ 


I 



wUh, om s^ di^ five mys, dU, being rudinuntary 
ormihg the oseeom swpjport of a round disk, wkicd is sur-. 
)^'XWndeijl by a cutaneous fringe. Gill-openings narrow, the gill- 
i/memhranes^l^^ 

K , Carnivorous fishes, living at the bottom of the shores of 
'i northern seas. By their ventral disk they are enabled to 
,attach themselves very firmly to rocks. 


Cyc1(OPTERUS. — Body thick, short, covered with a viscous, 

• tubercular skin. Head large, snout short. Yilliform teeth in 
JaWs, ndHie on the palate. Skeleton soft, with but little earthy 

. Three species of “Lump-suckers'" are known from the 
5 ; northern temperate and the arctic zones. The coriimon 
I^ItTorth European and North American species, C. lumpm, is 



Fig. 218. — Cyclopterus lumpus. a, Ventral disk. 

V names of “ Cock- and Hen- Paddle.” It 
L of twenty-four inches, but * generally ip , 
is difficult to remove it from any olyect 
:tached itself by means of its sucking-d^feo 
as to more or less entirely conceal the,J^^ 
^ered with rod^h tubercles, the larger 
four seri^ ^qng each side 







' ibody, '^h plate with a spine in the centre. At^ of ; 
Species the young are naked, the plates making only 



Fig, 219. — Young of Cyclopterus si)iuosus, from the Arctic Ocean, natural size* 

"4 

ally their appearance, in the form of groups of tubercle^* 
Their development is irregular, as young specimens of the 
same size may be entirely naked or tubercular. This species 
ranges beyond the 81 ° lat. N. 


Liparis. — Body sub-cylindrical, enveloped in a more or less 
loose naked skin ; head broad, obtuse. The infraorbital bone is 
styliform posteriorly, extending backwards to the margin of the 
preeoperculum. One dorsal fin, with feeble flexible rays. Villi- 
form teeth in the jaws, none on the palate. 

Small fishes from the. northern coasts of the temperate!.. 


zone, ranging beyond the arctic circle. Eight species are 
known, of which two (Z. Imeatus and Z. inontayui) occur on ■!! 
the British coasts. 


Second Family — Gobiida^:. ./.vf 

" Body donrjatey naked or scaly. Teeth generalhy 
Sometimes with canines. The spinous dorsal fin, or 
the dorsal fin, is the less developed, and tomposed of 
spines ; anal similarly developed as the soft dorsal, 
iHe ventrals are united into a disk, GUI-opening 
%ain(my the gill-memlranes leing attached to the 

fishes,. . - 






all'femperate and tropical repoM;t '(^o- 
they appear first in the chalk. \ " \ , 

Blijs; — ^Body scaly. Two dorsal fins, the anterior geiieraUy 
flexible spines. Ventral fins united, forming a disk 
Wbich is not attached to the abdomen. Gill-opening vertical, 
^^fcbderately wide. 

lll/^ The. ‘‘Gobies” are distributed over all temperate and 
coasts, and abundant, especially on the latter. Nearljr 
hundred si)ecies have been described. They live espe- 
§^ially on rocky coasts, attaching themselves firmly with 'their 
^l^.iventrals to a rock in almost any petition, and thus withstand-- 
the force of the waves. Many of the species seem to 
^|i%elight in darting from place to place in the rush of water 
^^t^^ich breaks upon the shore. Others live in quiet brackish 
, . water, and not a few^ 

acclimatised fresh 

water, especially lakes. 

, 0 The males of some species 

Fig* 220 .— Gobius lentiginosus, from Construct liests for the 
Zealand. Gggs, whicli they jcal- 

»^^jisly watch, and defend even for some time after the youhg 
®^ ,Ji^tched. Several species are found on the British coast : 

paganellus, auratus, oninutus, ruthnsparri. . Fossil 

E es of this genus have been found at Monte Bolca. . ^ 

, /'^ 0 py small Goby, JjcitTUThC'U/lus jpdll'itc'id'U/Sf common, , ill 
..-.localities of the British Islands and other parts of 
distinguished by its transparent body, wide moutlli 
dentition. According to E. Collett it 
^^^^feremarkable peculiarities.. It lives one 7^ 
®®^^^i|^instajice of an annual vertelrate. 


il : ^ / 

Fig. 220.— Gobius lentiginosus, from 
New Zealand. 



'feel?le jaws. In 

lose the small teeth, which are replaced by very l<?|ig 
strong teeth, the jaws themselves becoming stronger* 

| . teeth of the females remain unchanged. In July and 


j ail the adults die off, and in September only the fry 
|^be found.- • 

j ' There are several other genera, closely allied to 

l>as Euctenogobius^ Lo^kiogobiitSy Eoliichthys, ApocryjpteSy Evo^h^'^ 

■ tho^'iis, Gohiosoma and Gohiodon (with scaleless body) 

I plwricMliys. '■ 

SiCYDiUM. — ^Body CO veered with ctenoid scales of rather 


. size. Cleft of the mouth nearly horizontal, with the upper 
prorhinent ; lips very thick ; the lower lip generally with %fie,rief ;||| 
, ,of minute horny teeth. A series of numerous small teeth : 
upper jaw, implanted in the gum, and generally movable ; the* 
lower jaw with a series of conical widely-set teeth. Two dorsri 
fins, the anterior with six flexible spines. Ventral fins uaitedi . 

• ,and forming a short disk, more or less adherent to the abdomen; 

Small freshwater fishes inhabiting the rivers and rivulefir;; 

:: of the islands of the tropical Indo-racific. About twelyi^v^;| 
species are known ; one occurs in the West Indies. Lenti;^^A^ 
. from the Sandwich Islands is allied to Sicydium, 

Periopiithalmus. — Body covered with ctenoid scales of 
* or moderate size. Cleft of the mouth nearly horizontal, witK 
upper jaw somewhat longer. Eyes very close together, 

; diately below the upper profile, prominent, but retractile, 

: well-developed outer eyelid. Teeth conical, vertical 
i jaws. Two dorsal fins, the anterior with flexible spine«;)s^f' 
fin with the lower margin oblique ; base of the pector^,;^^ 

’IK with strong muscles. Ventral fins more or less coal^S^P 
l??ppeiiings narrow. 

Jhe fishes of this genus, and the closely-allie^J^ 
^.exceedingly common on. 



Sj^^'andotnersmaEaTiMails. disport themselves.' Ob' ‘ttie 

iotmd which M left uncovered by the receding water. -With; ' 
^4eiaid of their strong pectoral and ventral fins and their 
they hop freely over the ground, and escape danger by 
leaps. The peculiar construction of their eyes, which 





Fig. 221. — Periophthalnius koelreuteri. 



iptQ very movable, and can be thrust far out of their sockets, / 
''^\bles them to see in the air as well as in the water ; when' 
eyes are retracted they are protected by a membranous 
' 'id. These fishes are absent in the eastern parts of thet 
jlcific and on the American side of the Atlantic ; but singii- 
•ly enough one species reappears on the West Africanj 
>j^ast. About seven species are known (including Boleojph- 
Jrifbus)j P. koelreuteri being one of the most common fishes 
the Indian Ocean. 

— Body scaly ; eyes of moderate size, lateral, not 
’^'Slffinent. Teeth small. Two dorsal fins, the anterior generally > 
six. spines. Ventrals not united, though close together, with 
' ^ and five rays. 

^pjjoht sixty species are known from the tropics, only 
^^dmg into the temperate zone. As regards form,;: 
almost all the modifications observed among 
which they differ only in haviijg the 
l^nt: On the^hole they , are somey 





bie Iiidb-P«tci®c and Atlantic. Others have even 
ato the inland-waters of the African continent. 





I — Body elongate, covered with minute scales. ;^ " 

nead compressed, with a deep cavity on each side, above the;; 
Iperculum. Teeth small, in a band. One dorsal, tlie spinbue"|;^|! 
portion composed of six spines ; dorsal and anal fins continuous^^^^^^ 
l^ith the caudal, ventral fins united. < 

} Small fishes of singular aspect, from the East Indian 

Three species, of which T, vagbui is common. ,1! 


; I 

coasts. 


" Gallionymus. — Head and anterior part of the body depressed, , 

the rest cylindrical, naked. Snout pointed, with the cleft of the. 
mouth narrow, horizontal, and with the upper jaw very pro- 
tractile. Eyes rather large, more or less directed upwards, 
i: Teeth very small, palate smooth. A strong spine at the angle 
of the prseoperculum. Two dorsal fins, the anterior with three 
or four flexible spines ; ventrals five-rayed, widely apart from 
each other. Gill-openings very narrow, generally reduced to a 
foramen on the upper side of the operculum. • ' 

• The Dragonets ” are small, and generally beautifully < ' ' 
coloured marine fishes, inhabitants of tlie coasts of the-. V 
temperate zone of the Old World; the minority of species 
live in tropical parts of the Indo-Pacific ; and these seem to^ : 
/descend to somewhat greater depths than the littoral species 
of the northern hemisphere. Secondary sexual characte^^ 
1 are developed in almost all the species, the mature 
■ liaving the fin-rays prolonged into filaments, and the, :^|^ 
brightly ornamented. On the British coast,; 
/species {C. draco) is very common, and locally ^ 
Skulpin.” About thirty species are known, many'ofi#^ 


Ifiave the pncopercukr spine armed with processes ot h 

" ' is, alUed ChWionymw. . 

^iQther genera belonging to this 
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Tenth Division — Acanthopterygii Blenniiformes. 

Body loWySiib-cylindrical or compressed, elongate. Bo^'sal 
Jin very long ; the spinous portion of the dorsal, if distinct, is 
very long, as 'well developed as the soft, or much more ; sometimes 
the. entire Jin is composed of s'pines only ; emed more or less 
long ; caudal Jin suht/runmted or rounded, if present. ' Ventral 
Jins thoracic or jag idar, if present. 


Diiist Family — CE roLiD/ii:. 


Body very elongate, coinprcssiul, covered inith very small 
cycloid ‘scales; eyes ratlicr large, lateral. Teeth of moderale 
size. No hony stay for the angle of the pra:operculnm. One 
very long dors(d Jin, which, like tJu^. anal, is cornposed of soft 
rays. Ventrals thoraeie, composed, of one spine and five rays. 
Gill-opening wide. Candid vertehra' exceedingly nnrncrons. 


The “ Band- fishes” {Cepola) are small marine fishes, belong- 
ing principally to the fauna of the northern temperate zone; in 
the Indian Ocean the genus extends southwards to Pinang. 
The European species {G. ruheseens) is found in isolated ex- 
amples on the British coast, but is less scarce in some years 
than in others. These fishes are of a nearly uniform red 
colour. 

Second Family — TH iciioNOTiDi]’.. . 


Body elongate, sab-cylindrical, covered with cycloid scales of 
f np)derate size. Byes directed upaxirds. Teeth in villiform 
jJj^nds, No hony stay for the angle of the praeoperculum. One 
dorsal fin, with simple artieidated rays, and without a 
portion ; anal long. Ventreds jagulaf, loith one. spine 
ijp'rays. Gill-opening very wide. The number of cgmdcd 
'§^^}B^mu(^ exceedi^^ that oftlu abdominal. , . 

fishes, belonging to two genera. pnly, fricho- 
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notus {setifjcTus) from Indian Seas, with some of tlie anterior 
dorsal rays j)rolonged into fila- 
ments ; and JlLmcroroeks {acan- 
tkorliyncJiKs) from Xow Zealand, 

^and sometimes IVaind h\r out at 
sea on the surlVicc'. 



■ Scat* fvojn the lateral 


Third Fam i ly— TI htero- 
lepjdotida:. 

Body ohiofiy, annjorssrd, mdy ; ^ ^ ^ 

mjes htend ; ch\ft of ihc mootk line of 1 1 (‘ineruco’tcs acavitho* 

lateral r drotUim f rblr. The. rl.ynchus, win. hu.erat.l inargin. 

a/ii(jle of tliv praoiH'rctd am eonueeted. Inj a hony r,iay v'ltli the 
i/nfraorl) ifol Tiay, ])or)^al loay., 'V'tth the. >>jan<ats aatl ^fl poT- 
tioiis efjuidly dcvelojH'd ; anal elotupdc. \'enir(dn (h()vaeie, with 
one spine and Jice rays. 



Small sliore-fislic^ cliiaiictcristic, tlu; I'avma of the 
Novtheni racilic,some ofUie species oeeiirriii" oo the American 
as well as Asiatic side. They have heeii itdeired to several 


genera, as 

Chibus, which is distingni.shed hy the presence of several, 

lateral lines; ^ - Ai • 

Ophiodon, with one lateral line only, cycloid scales, 

- slightly armed pra3operculum ; . ^ , . A;, 

^Agrammus, with one lateral line only ctenoid scales, 

unanaed prseoperculum ; and ^ 

Zaniolepis, with one lateral line and minute comb-like s< 
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Fourth Family — Blenniid^. 

Bod.y elongate y loiu, more or less cylmdrical, naked or covered . 
with .scaleSy ivhich generally are small. One, tivo, or three dorsal 
fins occupying nearly the whole length of the lack, the spinous 
portion, if distinct, heing as much developed as the soft, or more; 
sometimes the entire fin is composed of spines ; anal fin long, 
Ventrals jugular, composed of a few rays, and sometimes rudi- 
mentary or entirely ahsc7it, Pseuulohrinchia: gcncrcdly present. 

Littoral forms of great generic variety, occurring abiiiid- 
antly ip' all temperate and troj)ical seas. Some of the species 
liaye iDecome acclimatised in fresh water, and many inhabit 
brackish water. With very lew exceptions they are very 
pmall, some of tlie smallest hslies belonging to the family of 
j Blennies. One ol the principal characteristics of the 
Bleniiie^ is the ventral lin, whicli is formed by less than live 
rays, and lias a jugular position. The Blennies have this in 
common with many Gadoids, and it is sometimes difficult to 
decide to which of tljese two families a lish should be referred. 
In such doubtful cases tlie presence of the pseudobranchia} 
(which are absent in Gadoids) may be of assistance. 

In many Blennies the ventral fins have ceased to have 
any function, and become rudimentary, or are even entirely 
absent. In others the ventral fins, although reduced to 
cylindrical stylets, possess a distinct function, and are used 
as organs of locomotion, by the aid of which the fish moves 
rapidly over the bottom. 

The fossil forms are scarcely known; Pterygocephalus from 
Monte Bolca appears to have been a Blennioid. 

> Anarrhichas. — Body elongate, with rudimentary scales; 
S^put rather short ; cleft of the mouth wide ; strong conical teeth 
infhe jaws, those on the sides with several pointed tubercles ; 

molar teeth on the palate. DorsaB fin 
spines ; caudal separate. Ventrals none. • 



BLENNIES. 


493 


The Sea- wolf,” or “Sea-cat” (A. is a gigantic 



V 

Fig. 224. — Teeth of the Wolf- fish, Ana rrldrltKs lupus. 

Elehny, attaining to a length of niore than six feet. With 
its enormously strong tubercular teeth it is al>l(^ to crush the 
hardest shells of Crustaceans or IMollusks, on which it feeds 
voraciously. It is an inlia)>itant of the northern seas, like 
two other allied species, all of whicli ar(‘- esteemed <as ibod by 
the inhabitants of Iceland and (h‘(;enland. Two other species 
of Sea- wolves occui* in the corres])onding latitude's of tlie 
North Pacific. 

Blennius. — Body moderately elongate, naked ; snout sliort, 

A single dorsal, without detached |)ortion ; Yfuitrals jugular, 
formed by a spine and two rays, (deft of the mouth narrow ; 
a single series of immovable teeth in tlu'. jaws ; generally a 
curved tooth behind this series in both jaws, or in the lower 
only. A more or less develo|)ed t(*ntacl(^ above the orbit. Gill- 
opening wide. 

About forty species of Idiuinius (in tlui restricted generic 
sense) are knowm from the northern tcm]>erate zone, the 
tropical Atlantic, Tasmania, and the Bed Sea. But in the 
tropical Indian Ocean tliey are almost entirely absent, and 
replaced by other allied genera. Three species, found near 
the Sandwich Islands, are immigrants into the Pacific from 
the American Continent. They generally live on the coast; 
or ^tach themselves to floating objects, some species Ieading|.: : 
a pelagic life, hiding themselves in floating seaweed, 
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which they even propagate their species. All species readily 
accustom themselves to fresh water, and some {B. mdgaris) 
have become entirely acclimatised in inland lakes. British 
species are B. (jattorugme (growing to a length of twelve 
inches), B, ocellaris, B. galerita, and B. pJiolis, the common 
'' Shanny.” 

Cliasniodes is a genus allied to Blcnniiis, from the Atlantic 
coasts of temperate North America. 

Pethoscirtes. — Body moderately elongate, naked. Snout 



generally short. A single dorsal tin ; ventrals composed of two 

or three rays. Cleft of the mouth 
narrow ; a single series of immov- 
able teeth in the jaws ; a strong 
curved canine tooth behind this 
series, that of tlie lower jaw much 
stronger than that of the upper. 
Head sometimes with tentacles. Gill- 
Fig. 226:— Dentition of the same, opening reduced to a small fissure 
enlarged. abovc the root of the pectoral. 

Thirty species, from the tropical Indo- Pacific, of small 



"’Malarias. — B ody moderately elongate, naked; snout short, 
itK transverse cleft of the mouth ; a series of numerous small 
lOlli in the jaws, implanted in the gum and movable ; generally 
canine, tooth on each side of the lower jaw, behind^ the 
^mall teeth. Dorsal fin continuous, sometin^es divided 
by a more or less deep notch without a de** , 
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tacked akterior part Ventral fins with two or tlireS rays. 'A 
tentacle above the orbit. Gill-openings wide. 

Sixty species are known from tlie tropical zone, extending ^ 
northwards to Madeira, southwards to Cliile and Tasmania, 
in certain individuals of some of the species a longitudinal 
cutaneous crest is develo]>ed ; all young individuals lack it, 
and in some other species it is invariably absent. Singularly 
enough this crest is not always a sexnid eliaracter, as one 
might have sn]>posed from analogy, lail in sonu* species at 
least it is develo])ed in both sexes. ]Matni(‘ males, however, 
have generally higher doi’sal tins and a. nior»‘ intense* and 
variegated coloration than teniales and iininatnre* niah's, as is 
also the case in Blcnnivs, 

# 

ClJNlJS — Body moderately elongate, eov(‘r(‘d with small scales j 
snout ratlaa- short ; a narrow l)aud or seri(‘s ot small te(‘th in the 
jaws and on the palate. Dorsjd fin formed hy mimerous spines 
and a few soft rays, without a dctach(*d aiittaioi* portion ^ anal 
spines two. Venti'als with two or three rays. A tentacle above 
the orbit. Gill-opening wide. 

Thirty species, from the coasts ot tro])ical Aimnlca and 
the southern temperate zone. TbrcKi oilier gem'.ra, are closely 
allied to Clinns, viz. Crldlrcp^ and in which the 

three anterior dorsal s])ines are detaclied Ironi tlie rest ot tlie 
fin j and ^ 'Trifdci'jfffvv/nij with thr(‘e distinct duisal tins, ot 
which the two anterior are spinous. Thu species of these y 
genera arc as numennis as those of CUnvH, occurring in many / 
parts of tropical seas, in the Mediterranean, and 1)eing espe- 
cially well represented in South Australia and ISew Zealand. 

'• / ^ 'K'r''".:.".' 

■ SticH-CTS. — B ody elongate, covered with very sm^l scales ; ' ■ 

' lateral line more or less distinct, sometimes several lateral linM. ' 
: Snout short.; very small teeth in the jaws, and generally on the' r 
palate. Dorsal fin long, formed by spines only. Ventrals 
P two*or three rays. Caudal fin distinct. 
feiWjde. 
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Small “ fishes, peculiar to the coasts near the arctic circle, 
ranging southwards to the coasts of Japan and Scandinavia. 
Ten species. 

Blenniops. — Body moderately elongate, covered with very 
small scales ; lateral line none. Snout short ; small teeth in the 
jaws, none on the palate. Dorsal fin long, formed by spines 
only. Ventrals with one spine and three rays. Caudal dis- 
tinct. Gill-openings of moderate width, the gill-membranes 
coalescent across the isthmus. 

A fine but not common kind of Blenny (B. ascanii)^ from 
the British and Scandinavian coasts. 

Centronotus. — Body elongate, covered with very small 
scales ; lateral line none. Snout short ; very small teeth in the 
jaws. Dorsal nil long, formed by spines only. Ventrals none 
or rudimentary ; caudal separate. Gill- openings of moderate 
width? gill-membranes coalescent. 

Ten species are known from the northern coasts ; south- 
wards the genus extends to the coasts of France, New York, 

• California, and Japan. 0, (junellvs, or tlie “ Gunnel-fish ” 
or “ Butter-fish,” is common on the British coasts. Ajpo- 
dichthys is allied to Centronotus, but tlie vertical fins ai'e 
confiuent ; and a very large, excavated, pen-like spine lies 
hidden in a pouch in front of the anal fin. This spine is 
evidently connected in some way with tlie generative organs, 
as a furrow leads from the orifice of the oviduct to the groove 
of the spine. One species from the Pacific coast of North 
America. Xiijliidion is another closely allied genus from the 
same locality. 

. Cryptacaj^thodes. — Body very elongate, naked, with a 
, single lateral line. ' Head with the muciferous system well 
^ developed. Eye rather small. Conical teeth in the jaws, on 
the vomer and palatine bones. One dorsal formed by spines 
\ - only ; caudal connected with dorsal and anal. Ventrals none. 

moderate width, with the gill-membranes joined 
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One species {C. macidatus) from tlie Atlantic coasts of 
North America. 

PaT/ECUS. — B ody oblong, elevated anteriorly ; snout short, 
with sub-vertical anterior profde ; miuuti^ tec'tli in the jaws and 



Fig. ‘227. — I’al.'i'ciis IVoiito. 


on the vomer. Dorsal fin witli the anterior spines strong and 
long, continuous with t]u‘- caudal; ventrals none. ( rdl-openings 
wide. 

Three species of this singular form ai'c known IVom Soutli 
and West Australia. 

ZoAiiCKS. — Body elongate, witli tlie scab's rudimentary ; 
conical teetli in the jaws. Dorsal fin long, with a d(jp)’ession on 
the tail, which is fornu'd by a series of s[)in(^s iniicli shorter than 
the rays. No other fin-spin<‘s. No si'parate caudal fin. Ven- 
trals short, formed liy three, or four rays. (Bll-openings wide. 

Twt) species are known, one I’rom the lMiro])ean, and the 
other from the North Aniei-ican side oi‘ the Atlantic. The 
former, Z. vimparnH, is well known by the imnu'. of “ Viviparous 
Blenny;’*' as is signified liy this name it produces its young 
alive. These are so inatunMl at the time of tlieir birth that 
on their first exclusion they swim about with the utmost * 
agility. No fewer than from two to three hundred young 
are sometimes produced by one female, and the abdomen of 
the mother is so distended before parturition that it is imposv^^ 
^sible to touch it without causing them to be extruded. 
grown individuals are about twelve inches long, but 
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American species (Z, angitillaris) attains to a length of two 
or three feet. 

Other genera of the family of Blennoids are : — Blennophis, 
Nemoph'ls, Flagiotrcrmis, Neoclinv^, CdndiclitliySy Myxodes, 
Heterosticlms, Dictyosoma, LepidoUcmiiiis, DactyloscopuSy Gunel- 
lichthySy UrocentriiSy StichwopsiSy Stidiarimtiy NoiograptiiSy 
FholidichthySy and Fseudoble/mius. 

Fifth Family — A cANTiiocLiNiDyE. 

'Body dongatCy loWy comprcsscxly covered with smcdl scales. 
One dorsal jlUy occupying nearly the 'whole of the tacky and 
chiefly comgmsed of spines. Anal fin lo7ig, with numerous spines. 
Ventrals jugular y composed of a few rays only. 

Of tin’s family one fish only is known {Acanthoclinus 
littoreus)y a small lUenny abiindant on the coast of New 
Zealand. 

Sixth Family — Mastacembelid^e. 

Body clongatCy eel-l 'ike, covered with very small scales. 
Mandible longy hut little moveable. Dorsal fin very longy the 
anterior portion comgwsed of numerous short isolated spines ; 
anal Jin ivith spines anteriorly. Ventrals none. The humeral 
arch is not suspended from the skull. Gill-openings reduced 
to a slit at the lower part of the side of the head. 

Freshwater-fishes characteristic of and almost confined to 
the Indian region. The structure of the mouth and of the 
branchial apparatus, the separation of the humeral arch from 
the skull, the absence of ventral fins, the anatomy of the 
abdominal organs, affords ample proof that these fishes are 
- Acanthopterygian eels. Their upper jaw terminates in a 
pointed moveable appendage, which is concave and transversely 
■^^tl'ifiit^d. inferiorly in Fhynciwbdellay and without transverse 
I : the only two genera of this family. 
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Thirteen species are known, of which Eh. aculeafa, M.jHinmlus 
and 31. armatus are extremely common, tlie latter attaining 



Fig. -28. — MastacenilR'lus argils, from Siam. 

to a length of two feet. Outlying .s|)(‘eit‘s M. (flcppcmis 
from Mesopotamia, and Syria, aiu^J/. (■rijplac(ii}thi(.^,3f. marchciy 
and 31. niger, from A Vest Alrica. 

Eleventh IJivisi()N--A('ANTiiorTEuv(:ii AIikiilikoilmes. 

Two (lorsfd jlns more or les.^i rn/iote frojtt earJi other ; the 
anterior either short, lihe the posterior, or eomposed oj feeble 
spines. Vcntr(il fins o'ith one spine ((nd five rags, (dnUrmina 

FhLST FaMILV — S l‘IIYlLENllLK 

Bodg elongate, Sidj-eglindiieal, eorered with small eyeloid 
scales; lateral line eontinnons. Chfit of the. month toide, 
armed, with strong teeth. Kge lateral, of moderate size. 
Vertehrcc twe/nig-fo n/r. 

This family consist's of oiui genus only, Hjbgrana, gene- 
rally called “ liarracudas,” large voraeions lisli(*s Irom the 
tropical and su])-tTopical seas, which pnd'm* the*, vicinity of the 
coast to the open sea. Tlu^y attain to a hmgth of eight feet, 
and a weight of forty pounds ; individuals ol' this large size are 
dangerous to bathers. They are gxmercally used as food, but 
sometimes (especially in the West Indies) their llesh assumes 
poisonous qualities, from Iniving fed on smaller poisonous 
fishes. Seventeen species. 

The Barracudas existed in tlie tertiary epoch, their remains , 
bei^g frequently found at Monte Eolca. Some other fossil 
genera have been associated with them, but as they are knowtt , 
from jaws and teeth or vertebrae only, their position in w ^ 
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system cannot he. exactly determined ; thus Sphyramodus and 
Hypsodon from the chalk of Lewes, and the London clay of 
Sheppey. The American rorthms is allied to Hypsodon. 
Anotlier remarkable genus from the elialk, S(mrocephalv.s, 
has been also referred to this laniily.' 


Second Fam^y — ATHFJ tiNn 

Body more or less elonyate, svl-cylvulriaU, covered with 
scales oj$iwderatc ^te ; lateral ime mdislmrt. Clc/t of tU 
month of moderate width, with the dmdition fecMc. Eye lateral, 
larye or of moderate size. (JUl-openmys wide. Vertedme very 


mimeroHs. , 

Small carnivoTUus fishes iidialuting the seas of the tem- 
perate and tropical zones ; many enter fiesh water, and some 
have been entirely acclimatised in it. Ibis family seems to 
have been represented in the Monte Lolca formation by 
Mesofjnster. 


Athekina.— Teeth very small; scale.s cycloid. The first 
dorsal is short and entirely separated from the second. Snout 
obtuse, with the cleft of the mouth straight, oblique, extending 
to or beyond the anterior margin of the rye. 

The Atherincs are littoral lishes, living in large shoak, 
which habit has been retained by the speeies acclimatised m 
fresh water. They rarely exceed a length of six niches, but 
are nevertheless esteemed as food. From their general 
resemblance to the real Smelt tliey are often thus misnamed, 
'but may always be readily recognised by their small first 
.'spinous dorsal fin. the young, for some time aftm- they are 
^'.fetched, cling together in dense masses, and in numbers 
:;gindst incredible. The inhabitants of the Mediterranean 

» ■Tths systematic affinities of these extinct genera eve very obscure. (5opo, 
?i'^^&'thfim, with others (for matance I^otosphyrama, which has a sworfUike 
liMibniziitlbn' of the' ethmoid), in a distinct family, Saurodontidx ; see ‘ Ver- 
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coast of Prance call these newly hatched Atherines “Nounat” 
(uuhorn). Some thirty species are .known, of which A. jm's- 
hijtcr and A. hoycvi occur on the British coast. • 

Atueiiimciithys, distinguished frmn Alhcrina in having the 
snout more or less produced j and tlie elelt <->1 the mouth gene- 
rally docs not extend to the orbit. 

These Atheriiu's are esiHaually abundant on the coasts 
and in the fresh waters ot Aust^ll^lia and South America. Ot 
the twasnty species known, scAcral attain a. length ot eighteen 
inches and a. wanght ot more, than a ]iound. ;\ll highly 
esteemed as food; hut tlie hiost (a'let'rated is the. 1 esce 
Iley ” of (Ihile (A. IkIk'Ikvw). 

TETl!A(iONURUS. — Body rat her elongiitigcovau ed wdtli strongly 
keeled and striated scales. 'I’lu^ first <loisal fin is (annposed of 
numerous feeble spines, au,d continued on to thii si'coml. Ijower 
jaw elevated, with conv(.!X dental margin, and armed with com- 
pressed, triangular, ratlaw small teeth, in a .single scuhjs. 

This very remarkalde fi.sh is more f)e(|Ue.ntly met with in 
the Mediterranean than in the Atlantic, but gamerally .scarce. 
Nothing is known of its halnts; when young it is one ot the 
fishes wliich accompany Medusa', and, tlierefoic, it must be 
regarded as a pcilagic form. I'robahly, at a later jsiiiod of its 
life, it descends to greater depths, coming to the surface at 
night only. It grows to a length of eighteen inches. 


TiiiiiD Fa.mii.y — Miaai.iu.K. 

Body more or less vllowj and. conipresscd, covered, with cycloid 
scales of moderate size ; lateral line none. Cleft of tlee mouth 
narrow or of moderate width, inthont or nrith feeble teeth. Bye 
lateral, of moderate size. Gill-opening wide. The anterior 
dorsal fin composed of four stiff spines. Vertebrm twenty-four^ 

^ * The “ Grey Mullets” inhabit in numerous species and 

great numbers the coasts of the temperate and tropi#- 
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zones. They frequent hrackish waters, in which they find an 
abundance of food which consists cliiefly of the organic sub- 
stances mixed with mud or sand ; in order to prevent larger 
bodies from passing into the stomach, or substances from 
passing through the gill-openings, these fishes have the organs 
of the pharynx modified into a filtering apparatus. They 
take in a quantity of sand or mud, and, after having worked 
it for some time between tiKjKiiliaryngcal bones, they eject the 
roughest and indigestible portion of it. The upper pharyn- 
geals hai^ a rather irregular form ; they are slightly arched, 
the convexity being directed towards the pharyngeal cavity, 
tapering anteriorly and broad posteriorly. They arc coated 
with a thick soil membrane, which reaches far beyond the 
-margin of the bone, at least on its interior posterior portion; 
this'incmbrane is studded all over with minute horny cilia. 
The pharyngeal bone rests upon a large iatty mass, giving 
it a considerable degree of elasticity. There is a very large 
venous sinus between tlie anterior portion of the pharyngeal 
and tlie liasal portion of the branchial arches. Another mass 
of fat, of ellijitical form, occupies the middle of the roof of the 
pharynx, between the two jiharyngeal liones. Each branchial- 
arch is provided on each side, in its whole length, with a 
series of closelv-set gill-rakers, which are laterally bent 
■ downwards, each series closely fitting into the series of the 
adjoining arch ; they constitute together a sieve, admirably 
adapted to permit a transit for the water, retaining at 
the same time every other substance in the cavity of the 
pharynx. 

The lower pharyngeal bones are elongate, crescent-shaped, 
and broader posteriorly than anteriorly. Their inner surface 
is concave, corresponding to the convexity of the upper 
%haryngeals, and provided with a single series of lamella, 
to those of the branchial arches, but reaching across 

Bone from one margin 
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The intestinal tract shows no less ])eciiliarities. The 
lower portion of the (esophagus is provided with numerous 
long thread-like papillae, and continued into the oblong-ovoid, 
membranaceous c(ecal peution of tin' stomach, the mucosa of 
which forms several longitudinal lolds. The second portion 
of the stomach reminds one of the stomach of birds ; it 
communicates laterally with the otlun* portion, is globular, 
and surrounded l)y an exci'edingly strong muscle, ibis 
inuscle is not divided into two as in birds, but of giiiat thick- 
ness in the whole circiimfenmce of tli<‘, stomach, all the 
muscular fascucudi Inung circularly ari‘ange«l. I he. internal 
cavity of this stomach is ratlier small, and coated with a 
tough epithelium, longitudinal folds running from th(‘. (‘iitrance 
* opening to tlie pyloric, whicdi is situated o])posite to the (jtluu. 
A low circular valve, tonus a pylorus, lluax* ar(‘. five rathcu 
short pyloric ap])endages. The intestiiu's make a gri'at num- 
ber of circumvolutions, and arc', seven lee.t long in a specimen 
thirteen indies in length. 

Scjine seventy species of Orc'.y IMullets are. known, the 
majority of which attain to a weight of about four jiounds, but 



there are many which grow to ten and twelve pounds. All are 
eaten, and some even esteemed, especially when taken out of 
freSh water. If attention were paid to their cultivation, gr^at 
profits could be made by fry being transferred into suitable 
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backwaters on tbe shore, in which they rapidly grow to a 
marketable size.’ Several species are more or less abundant 
on the British coasts, as Mngil odo-radiatus (Fig. 105, p. 254), ■ 
M. capita, M. anratus (Fig. 106, p. 2.54), and M. septentriomlis 
(Fig. 107, p. 254), whieli, with tlie aid of the accompanying 
figures, and by counting the rays of the anal tin, may be 
readily distinguished--di'. odo-radiatus liaving eight, and Jf. 
cajMo and M. anratus nine soft rays. A species inhabiting 
fresh waters of Central America {M. rm>hoscidms) has the snout 
pointed and fleshy, thus approaching certain other fresh- 
water and littoral Mullets, which, on account of a inodifica- 
• tion of the structure of tlie mouth, have been formed into a 
distinct genus, Agonosloma. Mipyus comprises Mullets with 
teeth more distinct than in the typical species. 

This genus existed in the tertiary epoch, remains of a 
species having been found in the gypsum of Aix, in Brovence. 

Twelfth Division— Acakthoptekyoii Gastiiosteifoiimes. 

The spinous dorsed is composed of isolated spines if pn-eseni 
the ventrals are either thm-aeic or have an aldominal pwsitwn 
in consepiwnce of the perolongatiem of the 'j^ru-^nc hones which are 
attached to the humeral arch. Moidh small, at the end of the 
snmit which is gcncrcdly more or less p'oduccd. 

Fikst F'amily — Gastrosteid^h. 

:. Body clongcde, eompn-essed. Cleft of the mouth dblicpiie ; 
vilUfirrm teeth in the jaivs. Opercular hones not armed; in- 
frcmUtals covering the cheek; parts of the skeleton forming 
mamplete external mails. Scales none, hut’ generally large 
g^es. along the side. Isolated spines in front of the soft dorsal 
^piVfntral fins abdominal, joined to puUc hone, com- 
sm.ne and a small ray. Branchiostegals three. 
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Of ‘‘Sticklebacks’' {Gadrosfcw^) about ten species 
satisfactorily known, one of wliieb {G. splnnvlda) lives in § 
and brackish water, whilst the others inliabit principjj 
fresh waters, although they all are abh'- to exist in the s(?n». 
They are eonlined to the 'reniperate and Aretie zones of the 
northern hemisphere. Tlu‘ llritish freshwaU'r s])e(‘i(‘S are 
the Three-s])ine(l Stit‘kleba(*k {G. wliieli sonudimes, 

especially in C'eiitral Kurope, lacks scuU'S, somt*tim(*s has a 
scries of scutes along the side of the body ; tlu^ Four-spined , 
Stickleback (CL spi and tlu‘ ]Saii(‘-s[)ineil Sticklel)ack 
{CL The coninion(‘st North American s])ecies is 

CL 7ioi'cbor((C(’nsls, The habits of all th(‘. treshwater s])ecies 



are very siinilur.. 'I’lie conniioii Kuioik'.'ih sjx'cies (O', aculmtiib) 
is an active and greedy little lisli, i^xtj-eniel}' destinctive to the 
fry of other species, and consequently injurious in ponds 
where tliese are sought to he preserved. It is scarcely to he 
conceived what damage these little tisluis <lo, and hem gi'eatly 
detrimental they aiv to the increase of all the fishes in general 
among which tliey live ; for it is with the utmost industry, 
sagacity, and greediness that tlusy seek out and destroy all 
the young fry that come their way. A small Sticklehack, 
kept in an aquarium, devoured, in live hours time, seventy- 
four young dace, which were about a ejuarter of an inch long,' 
and of the thickness of a horse hair. 'Iwo days after it swal-, - 
lowed sixty-two ; and would, probaby, have eaten as many,^' 
■every day could they have been procured. The Stickle^|i 
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sometimes swarms in prodigious numbers. Pennant states 
that at Spalding, in Lincolnshire, there was once in seven 
years amazing shoals, which appear in the Welland, coming 
up the river in the form of a vast column. The quantity may, 
perhaps, be conceived from the fact that a man employed in 
collecting them, gained, for a considerable time, four shillings 
a-day by selling them at the rate of a halfpenny a bushe . 
Costa, who studied the manners of these small fishes, relates 
that, on the approach of spawning time, the male biiilc s 
a nest of stalks of grass and other matters in a hollow 
of the bottom, a little above three inches wide and about 
six inches and a half <leep, creeping over the materials on 
his belly, and cementing them with the mucus that exudes 
from his skin. 'J'he bottom of tlie nest is first laid, then 
the sides are raised, ami lastly the top is covered over. A 
small hole is left on one side for an entrance. When the 
erection is complete, he seeks out a female, and conduct- 
ing her, Costa says, with many caresses, to the nest, intro- 
duces her by the door into the chamber. In a few minutes 
she has laid two or three eggs, after which she bores a hole 
on the opposite side of the nest to th<it by wide r 
entered, and makes her escape. Tlic nest has now two dooi^, 
and the eggs arc exposed to the cool stream of water, which, 
entering by one door Hows out at the other, hiext day the 
male goes again in tpicst of a female, and sometimes brings 
back the same, sometimes finds a new mate. This is repeated 
until the nest contains a considerable number of eggs, an 
each time the male rubs his side against the female and 
passes over the eggs. Next the male watches a whole month ■ 
over his treasure, defending it stoutly against aU invaders. 

' and especially against his wives, who have a great desire to 
get at the eggs. When the young are hatched and able to 

do fot themselves his cares cease. 

The Sea-Sticldeback {G. spinacUa) is likewise a nest 
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builder, cliuosing for its operations especially the shallows of 
brackish water, which are covered with Zosfcra. 

Second Family— Fistulakiid.e. 

Fishes of (jvcatly ('loiufuti'd Joviii f the a n frvtor hoiies of the 
shiiJl civc luiu'li 2 ^eoduci'(l , tnid foim (t louf/ tidu\ tevimiiolitKj in 
d UiiTTOto niouth. Teeth snied ! ; seated n(oie, <>e soudl, 7he 
spinous dors(d Jiu 'is either formed h// feehle isolated spinis o) 
cntii'cly ahsent the seff dorsal a iid anal of moderate Jevyth^ ieii- 
tral fins thoraeie. or edidomnial, eovijioscd of Jive or sue vaySy 
without spine ; if ahdom inal, they arc separate f rom the pubic 
honespu'hieh remain attaehed t(t the humeral areh. Ilraneliio- 
steyals Jive. 

The “Flute-mouths” are also freiiuently calliMl “Pipe- 
fishes,” a name whicli tliey liave in common Motli IIkj Syn- 
gnathidie. Tliey are gigantic, mariiui Stickl(‘hacks, living 
near the sliore, from which they ai*e lre([uent]y d liven into 
the open sea ; some of the sjxicies, therelorc., ha\(‘ a wide geo- 
graphical range. Lh’o1)ahly all (*ntcr ln'ackish w’atei. Ihey 
are distributed over the wdiole of tin*, tropi(.*al and su])-tro])ical 
parts of the Atlantic and Jndo-l^icific. Tlies])ecies .are few 
in number, but some oi them are very common. 

This family is wtII represenUal in Eocene formations ; 
some of the remains liclonging to the existing genera, 
Fistularia, Aulostonm, and Auliscops, tlw two former of 
■which occur not raicly at Monte iSolca and in the schists of 
• Glaris. Well-preserved remains of Auliscojis liave been found 
in the Marl-slates of the highlands of l»adang in Sumatra. 
Extinct genera from Monte llolca are Urosphen, the cylindri- 
cal body of which is terminated by a large cuneiform fin; 
and Ehampliosus, which has an immense spinous ray, denticu- 
dated behind, inserted on the nape. 
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Fistularia. — Body .scaleless ; caudal fin forked, 'with the 
two middle rays produced into a filament ; no free dorsal spines. 

d'hree species are known, common on the shores of the 
Tropical Atlantic {F. tahnccaria) and Indian Oceans {F. 
serrata and F. dcpresna) ; they attain to a length of from four 
to six feet. 

The anterior portion of the vertebral column shows the 
same peculiarity as in Dadylopterus ; it is a long compressed 
tube, composed ot lour elongate vertebia', whicli aic per 
fectly auchylosed; each of them has a pair of small foramina 
for blood-vessels. The neural spines and parapophyses of 
this tubiforni portion are conlluent into thin lamime, the 
lateral of which are wing-like, and e.xpanded in their anterior 

half. 

AuluSTOMA. — Body covered with small scales. Caudal fin 
rhombic, without prolonged r.ays ; a series of isolated feeble 
dorsal spines. Teeth rudimentary. 

Two species from the Tro|)ical Atlantic and Indian 

Oceans. 

Auliscops. — Body naked. Ventrals thoracic. !Numerous 
spines in front of the dorsal fin. 

One species (A, spinescens) from the Pacific coast of North 
America.' Aulorlujnchus from the same sea, and Anlichthys 
from Japan, are allied genera. 


Thikteenth Division — ^^A cANTiiorTEPvYciii CentrisciforMes. 

Two doi-sal fins ; the spimns short, the soft and the anal of 
v, moderate extent. Ventral fins truly aldominal, imperfectly 
AV developed. 

This division consists of one family, CentriscidWy with two 
■|feEera. The fishes belonging to it are very small, marine, 
jn, consequence ot their limited power of swimming, 
'often driven out into the open sea. They have the same . 
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structure of the iiioutli and snout as the Fistulariida\ but 
combine witli it peculiarities ot the shape ol body, of the 
structure of the vertical iins, and oi the Velaiions between 
endo- and exo-skeleton, Avhieh render them alt(\Lj;ether a 
sin<j;ular and interest ine’ ty]>e. A nrpItLSilc has lieeii lound in 
a fossil state at ]M()nt(‘- Hole a. 

CentimS( lis. — body ohlou^ or oh'vati'd, coin])r(‘.ss(‘d, cov'ored 
with small rough scah's ; lateral line none ; sonn* bony strips on 
the side of the hack, and on tlie margin of th(‘, thorax and 
abdomen ; tla. fornua*, in on(‘ s[)<‘ei(‘s, ar(‘ eonlhn'nt> and form a 
shield, d’eetli none. 'Wvo dorsal lins, the lirst witli om^ of the 
spines very strong. \ entral iins small, abdominal, composed ot 
five soft rays. Four hranchiostegals. 

Of tlie lour s|)e('i(*s tlie most gmierally known is 6. 
th (5 “ Frum]»et-(ish ” or “ ladlows-lish, which rarely 
occurs on the south coast of Ihighind, is more common iarther 



Fj.r. Cai. — (.'(-‘iilriscn.s Inutn'i'osiis. 

8outli, and reappears in I'lisiiiaiiia. 'I lie allieil C. ;j'mcilis is 
one of tlie fishes connnon to the Mediterranean and Jajianese 
Seas. The species figured, 0. Jinmcromis, oecnrs on tlie coast 
of South Australia, and is very scarce. 

Ajii’HISILE. — llody elongate, strongly conipresscd, provided 
with a dorsal cuirass, which is formed by portions of the skele- 
ton ; the longitudinal axi.s of the tail i.s not in the same line, 
witlhhat of the trunk. Scales none. Teeth none. Two domg 
■ fins situated on the hindmost part of the back; ventral i 
rudimentary, abdominal. Three or four branchiostegak 
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The three species known of this genus are found in the 
tropical Indo-Pacific. Their body is so thin that it has th'' 
appearance of being artificially compressed between two 
sheets of paper; it is semi-transparent, especially in the 
region of tlie air-bladder. The structure of the vertebral 
column is extremely singular and unique among Acanthop-. 
terygians. The abdominal portion is more tlian four times 
as long as the caudal ; nevcrtlieless it is composed of only 
six vertebne, whilst tlie latter consists of fourteen. The 
abdominal vertebrcC are extremely slender, the third alone 
being nearly as long as the wliole caudal portion ; they have 
a slight ridge superiorly and interiorly, and on eacli side ; tlie 
whole portion lying in the uppermost concavity of tlie dorsal 
cuirass. The caudal vertelme are extremely short, and the 
strength of their neural and Inemal spines is in proportion to 
their size.- The dorsal cuirass is not a dermal production, 
but formed by modified parts of the endoskeleton ; its com- 
position, the number and condition of its single parts, and, 
finally, the first dorsal spine, winch in A. is so 

singularly attached to it, favour this opinion. The plates, 
which occupy the vertebral line, would correspond to the 
neural spines, and the lateral plates on winch the ribs are 
suspended to the jjarapophyses. Amphisile may be con- 
sidered as a Chelonian form among fishes. 

Fourteenth Division — Acanthopterygii Gobiesociformes. 

No spinom dorsal; the soft and the anal short or of 
■ lengthy situated on the tail; ventral fins sidgugulany 

, with an adhesive apparahis hetween them. Body naked. 

r These fishes are well characterised by their single dorsal 
; and by their adhesive ventral apparatus, which has only 
externa similarity to the organ observed in Cycloptervs 
its structure is typically different from it. 
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Whilst in those genera the ventnil fins occii])): the centre of 
the disk forming its base, these fins are here widely apart 
from each otlier, as in Call ioni/m forining only a ])ortion of 
the peripliery of tlie disk, which is t‘um])l(‘l(‘(l ly a, cartila- 
ginous expansion of tlie coracoid bones. Tla^ i’ollowing 
description of its structure is takaai from ^Vy/e.sr.s* ^(oajHineuSy 
but it is essentially the same in all the gcuiera. 

The whole disk is exceedingly larg(‘, sulKai'cnlar, longer 
than broad, its length being one-third of the wlioh^. haigtli of 
the fish. Tlie central portion is forni(‘d nieridy liy skin, 
which is separated from the pc'lvic or jaibic liones by several 
layers of muscles. The })eri])h(‘ric, jKirtion is divid(‘d into an 
anterior and postei'ior ])art liy a d(u*p notch behind the 
ventrals. The anterior perijheric ]>ortioii is lbrm(‘d by the 
four ventral rays, the memln*a,n(; between tlami, and a broad 
fringe wliich extends anteriorly from one viaitiul to tlu‘ other; 
this fringe is a fold of tla*, skin, containing on each side tlie 
rudimentary ventral S])iu(‘, Init no cartilage. Tlui ])ostcirior 
peripheric portion is suspended on (jach side IVom the 
coracoid, the upper bone ol‘ which is (*xc(‘(‘.dingly bi’oad, be- 
coming a free movable ])late behind tlaj ])ectoral. A broad 
cartilage is firmly attached to it. Idie lower bone of the 
coracoid is of a triangular Ibrm, and su])})orts a very broad 
fold of the skin, extending from om* side to the other, and 
containing a cartilage which runs through the whole of that 
fold, hive processes of the cartilagi*. are continued into the 
soft striated margin in which the disk terminates posteriorly. 
The surface of the disk is coated witli thick ejiiderinis, like 
the sole of tlie foot of liigher animals. The epidennis is 
divided into many polygonal jilates ; tliere are no such plates 
, between the roots of the ventral fins. ^ 

JiTot less unique is the structure of the bones which have 
some relation to this external adhesive apparatus. As exempli- 
fied by Chorismochismits dentex the coracoid is well develop^/g. 
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and, as usual, >composed of two pieces, the upper of which is 
not suspended from the humerus, but fixed by a ligament to 
the hinder margin of the carpal bones. It is a broad lamella, 
dilated posteriorly • into the cartilage, wliich is externally 
visible ; the lower piece is narrower, and fixed to the extremity 
of the jmbic bone of its side. The pubic bones are united by 
suture, and form together a lieart-shaped dislc, the point of 
which is produced backwards. 'Tlie anterior portion of the 
disk is concave, with a bony longitudiiud bridge aifd a feeble 
transverse ridge. Tlie disk is fixed to the Immeral bones by 
the convex portions of its anterior margin, whilst the convex 
portions of the lateral margins serve as base for tlie ventral 
fins. The latter are composed of one spine, whicli is trans- 
formed into a broad, thin, and curved plate, liidden below the 
skin, and apparently of four rays ; but on closer examination 
we find that tlie hidden ray has a longitudinal groove 
anteriorly, in which another thinner ray lies concealed. 
This ray is fjuite free, and not joined to the piiliic bone. 

The fishes belonging to the single family of this division, 
GoUesocukv, are strictly marine but littoral fishes. They are 
scattered over tlie temperate zones of both hemispheres, 
and more numerous than between the ITopics. All are of 
small or very small size. . 

The adhesive disk consists of an anterior and posterior 
division. In some of the genera the posterior division has no 



Fig. 232. — Gobiesox ceplialiis. 


■aaterior margin, the teeth, being either all conical, as in 
(C&ve of Grood Hone) and (Eed Sea 
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and Indian Ocean) ; or incisor-like, in both jaws, as in Swyases 
(coast of Chili and West Indies); or incisor-like at least in 
the lower jaw, as in Gohi('so.i: (West luditjs and I’acific coasts 
of South America). In other eenera the posterior ])ortion of 
the adhesive disk has a free anterior mar^dn. Only one of 
these genera has incisor-like teeth, viz. Dljildcrqii.f fixmi New 



Zealand, lu tlic remaining genera., (from Tas- 

mania and South Australia), Tnichcloclikiiina (from New 
Zealand and tlie .Fiji Islands), Li'ixalogudn-, and Liptiqttevy- 
gim, the teetli ai'e very small aial iim;. Tla^ two la.st genera 
are Kurojjean, and Jj'p«dtigiislcr at least is common on the 
Southern Ilritish coasts. I’he three sjiecies known as hriti.sh 

Z. gouo’tiiiy Tj, i'ititdtflliiy and A. J/uxf.tctiltt/.tix aix; prettily ' 

coloured, but subject to great var’i.atl(,m. 

Fifteenth 1 )ivisi( l\ — A cANTJiori Eitvcu ( 'hannieojemes. 

Body clongoti’, covered v'ABi sndcs of moderate size; uo 
spine, in any of the fins ; dorsal and a/nal long. No super- 
branchied organ, only a bony 'prominence on Ihc anterior sur- . 

face of the hyornandihular. \ , 

These fishes belong to the single family Ophioeephxdidm, 
Freshwater-fishes characteristic ol\the Indian region, which, j 
however, have found their way into Africa, whei’e they are ■ 
repjesented by one or two species. Tliirty-one species areV^-;, 
known altogether, most of which are extremely abrmda^^^l 
some attain to a length of more than two feet. Lito 
■ 2L' , ■ 
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.tropical freshwater fishes, they are able to survive droughty 
living in semi-fluid mud, or lying in a torpid state below the 
hard-baked crusts of the bottom of a tank from which every 
every drop of water has disappeared. Kespiration is probably 
'entirely suspended during the state of torpidity, but whilst 
the mud is still soft enough to allow them to come to the 
surface, they rise at intervals to take in a quantity of air, by 
means of which their blood is oxygenised. This habit has 
been observed in some species to continue also to the period 



Fig. 234 .— Opliioceplialus striatus, India. 


of the year in which the fish lives in normal "water, and indi- 
viduals which are kept in a hasin and prevented from coming 
to the surface and renewing the air for respiratory purposes, 
are suffocated. The particular manner in which the accessory 
branchial cavity participates in respiratory functions is not 
known. It is a simple cavity, without an accessoiy branchial 
.organ, the opening of which is partly closed by a fold of the 
niucous membrane. 



Sixteenth Division — Acantiiopterygii Labyrintiii- 

BRANCHII. 

Body compTcssed, oblong ot elevated^ with scales of modcfatc 
A. ^jpcThTanchial ovgan in a cavity acccssovy to that of 

l{s. 

f,. ^ First Family— Labyrinthici. 

and anal spines present, lut in variable nmibmj 
“^'llfaraeic. Lateral line absent, or more or less distinctly^ 
^^i0^ropenmy raiher narrow, ^the gill-mem^anes 
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of loth sides coalescc7it hcloto the isthm vSy a nd scaly ; gills four ; 
^sevbd6brancliicv> rudmicntary or absent. 

■ Freshwater-fislies of the Cypriiioid division of the Eqna-* 
torial zone. They possess the faculty of hein;^^ al>le to live 
for some time out of tlie water, or iu thick or liardcued mud, 


in a still greater degree than th(‘ lislies of the preceding 
family. In tlie accessory l)rauchial cavity tlu‘r(‘ is lodged a 
laminated organ wliich evidently has tlu', 1 unction oi assist- 
ing in the oxygenisation of tlie blood. In Atadnis it is lormed 
by several exceedingly 
thin bony lamimn, similar 
in form to the auricle, 
and concentrically situ- 
ated one above the other, 
the innermost being tlu3 
largest. Tlie degree in 
whicli tliese lamime are 
developed is dependent 
on age. In specimens 
from one inch and a 
half to two indies and a lialf long tliere are only two 
such lamime, a tliird heing indieatwl l.y a small protuber- 
ance at the central base of the second or outer lamina:. In 
specimens of i'rom throe to lour indies in length the third 
lamina is developed, covering one-halt ot the second, . Ihe 



edges of all the lamime arc straight, not valanced. In sped- ■ 
mens of from four to tive indies a fourth lamina makes its , . 
appearance in the basal centre of the third lamina. The . 
other lamince continue to gnnv in their circumference, and . 
their edges now become undulated and slightly frilled.';,:^;. 
Cuvier and Valenciennes have examined stiU larger speci?/^ 
meas. The figure given by them and reproduced herey^'^;' 
taken from a specimen six or seven inches long, and 
the, superbranchial organ composed of six lamina)^ 
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The air-bladder of the majority of these fishes is very 
large, extending far into the tail, and, therefore, divided behind 
by the hjemal spines into two lateral portions. 

The Labyrintliici are generally of sniall size; they are 
capable of being domesticated, and some of them deserve 
particular attention on account of tlie dazzling beauty of their 
colours or tlie flavour of tlieir ilcsli. 

Anabas. — Body compressed, oblong ; pra^orbital and orbitals 
serrated. Small teeth in the jaws and on the vomer ; none on 
the palatines. Dorsal and anal s[)ines numerous. Lateral line 
interrupted. 

The “ (fiiml)ing l‘erch ” (A. scandens) is generally distri- 
'buted over the Indian Ih^gion, and well known from its 
faculty of moving for some distance over land, and even up 
inclined surfaces. In 1797 Daldorf, in a memoir communi- 
cated to the Liimean Society of London, mentions that in 
1^91 he had liimself taken an Anabas in the act of ascendijig 
a palm tree whi(di grew near a pond. The fish had reached 
the height of five feet <above the water, and was going still 
higher. In the effort to do this it held on to the l)ark of the 
tree by the preo])ercular s])ines, bent its tail, and stuck in the 
spines of the anal ; then released its licad, and, raising it, took 
a new hold with the preo])erculum higker up. The fish is 
named in the Malayan language the “Tree Climber.” TJ 
rarely attains a length of seven indies. 

Spiroh'aiiclins from tlie Cape, and Ctenoiioma from Tropical 
Africa, represent Anabas in tliat continent. 

Polyacanthus. — Body compressed, oblong; operculum wi;h, 
?.QUt spines or serrature ; cleft of the mouth small, more or lesV 
mot extending beyond the vertical from the orbit, and^ 
protractile. Small fixed teeth in the jaws, none on the 
\Dorsal and anal spines numerous; the soft dorsal and 
caudal, and the ventral, more or less elongate in mature 
MTlefiinienisL * Caudal rounded. Lateral line interrupted or absent. 
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This genus is represented chiefly in the East Indian 
Archipelago ; seven species arc known ; some of them have 
heen domesticated on account ot the heanty ot their colouis, 
and several varieties have heen ])vodui eil. One ol tlieni is to 
be mentioned, as, under the name ol " i’ai'iulise-tish| it has 
been introduced into tlie atpiaria ol Kurope, where it readily 
breeds. It was known already to kacepede, and lias been 
mentioped since his time in all ichthyological works as 
Macrojms virkli-cui ratio;. In adult males some of the rays, 
and especially the caudal lobes, are nuudi )irolouged. 

OsPllRollKNXJS. — Body compressed, more or less elevated ; 
operculum without spine or serrature. Small fixed teeth in the 
jaws, none on the palate. Dorsal spiue.s in small or moderate 
number; anal spines in moderate or great numher ; ventral fins 
with the outer ray very long, liliform. Lateral lino not inter- 
rupted or absent. 

To this genus belongs the celebrated “C.ourami ” (Osphro- 
menus olfax), reimted to be. one ol' the best flavoured Kresli- 



Fig. 230. — Os[ilii()iuBnus olfax. 

water-fishes in the East-Indian Arcliipelago. Its origina 
home is Java, Sumatra, Borneo, and several other islands 
but thence it has been transported to, and acclimatised in 
Penang, Malacca, Mauritiu.s, and even Cayenne. Being ftl 
almost” omnivorous fish and tenacious of life, it seems 
recommend itself , particularly for acclimatisation in' othe 



tropical countries, and specimens kept in captivity become a 
tame' as carps. It attains the size of a large turbot. A second 
but much smaller, species of this genus, 0. trichopteruSj i 
frequently kept in vessels on account of the exquisite beaut; 
of its varying iridescent metallic tints ; like other fishes c 
this family it is very pugnacious. 

Tricliog aster, a very common Bengalese fish, differs froii 
Ospliromemts in having the ventral fins reduced to a, singl 
long filament. 

Betta. — Body compressed, oblong ; operculum without spin 
or serrature. Small fixed teeth in the jaws, none on the palate 
Dorsal fin short, on the middle of the back, without any punger 
spine ] anal fin long. Ventral fin with five soft rays, the outc 
one being produced. Lateral line interrupted or absent. 

‘ A species of this genus {2j. 'pn(jnax) is, on accjount of it 
pugnacious habits, reared by the Siamese. Cantor gives tl: 
following account : — ‘‘ When the fish is in a state of quie 
its dull colours present nothing remarkalde ; but if two h 
brought togetlier, or if one sees its own image in a looking 
glass, the little creature becomes suddenly excited, the raise 
fins and the whole body shine with metallic colours of dazzlir. 
beauty, while the projected gill membrane, waving like a blae 
frill round the throat, adds something of grotesqueness to tl: 
i general appearance. In this state it makes repeated darts e 
its real or reflected antagonist. But both, when taken out ( 
other's ni^lit, instantly become quiet. This descriptic 
was d. ” 2 '‘40, at Singapore, by a gentleman who ha 

been pA ^^ 3 yeral by the King of Siam. They we: 

kept in gxcv,.:|-j ^ | larva^. of mosquitoes, ar 

lived for maik i njonths. The Siamese are as k 
^^^^iMlats of these fish as the Malays a: 
cock-fights A stake on the issue confeiderab 
^meir own persons and families. Tl 
fi^Mfights is farmed, and brings a coi 
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siderable annual I'eveiuie to tlie King of Siam. The spdcies 
abounds in the rivulets at the foot of the hills of Penang. 
The inhabitants name it ^ ria-kat/ or the VFighting-fish ;* 
but the kind kept especially for lighting is an arti tidal variety 
cultivated for tlie ])urpose.” 

Micracaxtiujs. — This genus represents the three last- 
named genera in Africa, where it has h(*en vt'c'cntly (liscoverod. 
in tributaries (d' the river Og(M)ne. Tt sei*nis to (liik*r ironi 
the Indian genera cliietly by its more elongate body, the 
structure of the tins l)eing' scarcely ditterent (lb A. 


SKC( )N 1 ) lAUI LY — LlJ CIOCKIM I A LI 1 

Body elongate, coreral v'ith md(n of moderate dze. Late- 
ral line presenL Teeth smalL (lill-opeawg wide; jmiulo- 
hranehia!. none. The svferhretnchvd organ is Jormed by two 
hrancMal arches, whieh are dilated into a membrane. One 
short dorsal fin ; dorsal and anal spines none ; rentrah coin- 
2)0sed^ of one spine and jive rays. Alv-hladder none. 

A small Freshwiiter-fish {Lueiorephalns pidrher), from the 


East-Indian j\ rcl i ipel ago. 


Sr.VENTEENTlf^^V — AcANTirorTEi;Y( :i 1 LOIMIOTIFOKMES. 


Body with the rent near its extreinity ; a 

short anal \j ; dorsal Jin as low, as Ike. body. 

Only one spx . ]<innvn of this division or family^ 
JLophoics cepedianvs. tt is most piobahly a deep-sea fish, but 
does not descend to so great a deptli as tlie Trachypteridce^ 
its bony and sol't parts being well coherent. It is a scarce 
fish, hitherto found in tlie Mediterranean, off Madeira, and in 
the’ Sea. of Japan; its length is known to exceed five feet. 
■ The head is elevated into a very high crest, and the dot^J 
; ■ fin* commences with an exceedingly strong and lonp 
the head. Silyery, with rose-coloured fins. 
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Eighteenth Division — Acanthoptekygii Tasniifoemes. 

Body riband shaped; dorsal fin as lony as the body ; anal 
absent; caudal rudimentary, or not in the lomjitttdinal axis of 
the fish. 

The ‘‘ Eibbon-fishes ’’ are true deep-sea fishes, met with in, 
all parts of the oceans, generally found when floating dead on 
the surface, or thrown ashore by the waves. Tlieir body is like 
a band, specimens of from fifteen to twenty feet long being 
from ten to twelve inches deep, and about an inch or two 
broad at their thickest part. Tiie eye is large and lateral; 
the mouth small, armed with very feeble teeth ; the head 
deep and short. A liigh dorsal fin runs along the whole 
length of the back, and is su])ported by extremely numerous 



Fig. 237. — Trachypterus ta3iiia. 


ra,ys ; its foremost portion, on the head, is detached from the 
rest of the fin, and composed of very elongate flexible spines. 
ThO; anal fin is absent. The caudal fin (if preserved, which 
is^ely the case, in adult specimens) has an extra-axial posi- 
being directed upwards like a, fan. The ventrals are 

H ^MpVeither composed-of several rays or reduced to a single 
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long filament. The coloration is generally silvery, with rosy 
fins. 

When these fishes reach the surlace of the water the 
expansion of the gases within their lioily has so loosened all 
parts of their innscnlar aiul hony system, lliat tliey can ho 
lifted out of the water with dillieulty only, and nearly always 
portions of the body and fins are hvoken and lost. Tin-, bones 
contain very little bony niiitter, are very porous, thin and 
light. At what de]»tlis Kibbon-tishes live is not known ; pro- 
bably the depths vary for dilferent s]ieeies; but although 
none have been yet obtaine<l by means ol tlie deep-sea 
dredge, they must be aViundant at the bottom ol all oceans, as 
dead" fishes or fragments of them are fiv.juently obtained. 
Some writers have sujiiiosed from the great length and nar- 
row shape of these fishes that tliey have l>een mistaken for 
“ Sea-serpents Imt as these inonsters of the sea are always 
represented liy those who have had the good forl iiiie of meet- 
ing with them as remarkaldy active, it is not lik.dy that 
harmless Kibbon-iishes, which are either dying or dead, have 
been the obiects described as “ Sea-seipeiits.” 

Yonno Kibbon-lislics (from two to four indies) are not 


Fig. 


238. —Young Trachyptenis. 


rarely met with near the surface; they possess the mqt». 
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extraordinary development of fin rays observed in the whole 
class of fishes, some of them being several ti^les longer than 
the body, and provided with lappet-like dilatations. There is 
no doubt that fishes with such delicate appendages are bred 
and live in depths where the water is absolutely quiet, as a 
sojourn in the disturbed water of the surface would deprive 
them at once of organs which must be of some utility for 
their preservation. 

. Kibbon-fishes are divided into tliree genera : — 


Traciiypteuus. — In which the ventral rays are well deve- 
loped, and composed of several more or less branched rays. 
Specimens of this genus have been taken in the Mediter- 
ranean, Atlantic, at Mauritius, and in the Eastern Pacific. 
The “ Deal-fish” {T. arcf/icus) is often met with in the North 
Atlantic, and specimens are generally found after the equi- 
noctial gales on the coasts of the Orkneys and North Britain. 


.,\ Stylophorus. — W ithout veiitrjds, and with the tail termin- 
i atii'Ag in an exceedingly long cord-like appendage. Known 
Ifroni^^one specimen only, found at the beginning of this cen- 
tury t\etween Cuba and Martinique. It is eleven inches long, 
and prVserved in the Museum of the Eoyal College of Sur- 
geons iiiMiOndon. 

Begalecus . — Each ventral fin is reduced to a long filament, 
dilated at the extremity; caudal fin rudimentary or absent. 
These are. the largest of all Kibbon-fishes, specimens being on 
.record the length of which exceeded twenty feet. They have 
f;::]been taken in the Mediterranean, North add South Atlantic, 
lijfndian Ocean, and o\i the coast of New Zealand. They are 
called “Kings of %e herrings,” from the erroneous 
^^-that they accompany the shoals of herrings ; or “ Oar-, , 
their , two ventral fins, which have a dilata^on ' 
nity not unlike the blade of an oar. One or .\ 
6a7ifon)’are sometimes found on the British , 
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coasts, but they are very scai-cc, not more than sixteen cap- 
tures having been recorded between the years 1759 and 
1878. 

Nineteenth Division — Acantiioi'i kiiyou Notacantui- 

EOIIMKS. 

Dovsctl Ji)i nhort, coinjiosi’i/ oj s/ku'/, tKohih'il spuifu, mllwut 
% soft, ‘poriion. Anal Jin trnj h'li;/, an/i'riorli/ villi, viany 
sjnncs ; mnimls alHloni inal , irilh moir /lian Jin' sij't and several 
unartie%l a ted ra i/s. 

Notacunthns is tlie. most aben-aiit tyiie ol' Acantboplery- 
gians. Of the cliavacterislies of ibis order tlie. deviiopment 
of spines in the veiTuial tins is tlic only oiui ]»i'eserved in the 
fishes of this genus. Tlieir body is elongate, covered with 
very small scales; the snout jirotrudes iieyond the mouth. 
Eyes lateral, of moderate size ; dmitition feeble. Five s])ccics 
are Iviiowii from tin; Arctic ()cea.n, Alediterranean, Atlantic, 
and Southern I’acilic. They inladat (•(Uisiderablc de]iths, 
probably from 100 to 400 fathoms, and during the “ Chal- 
lenger” e.vpcdition specimens have Ix’cn obtained from an 
alleged depith ol' 1875 lathoms. 

SECOND OKDEi; : 

ACANTIIOFTEUYClI rHAKYNCOCNATIII. 

Part of the ra.ys of the dorsal, anal, and xentral fins are 
non-articulaicd spines. The lov'm' pharynyeah coahseed. Air- 

Jjladder vjitlwut pneuniatie duel. 



Fig. 239.— Coalescent Pbaryngeals of Scams cretensia. 
a, upper ; lower pliaryugeala. 
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'First Family — P oMACENTiiiDiE. 

Body sJiortj conijpressed, covered with ctenoid scales. Den- 
tition feehle ; 'palate smooth. The lateral line does not extend 
to the eaudal Jin, or is interrupted. One dorsal Jin, with the 
spinous portion as 'well developed as the soft, or more. Two, 
sometimes three, anal spines ; the soft anal similar to the soft 
dorsal. Ventral fins thoracic, with one spine and five soft rays. 
Gills three and a half ; psendohrancliia.i and air-Uadder pre- 
sent, Vertebree, twelve abdominal and fourteen ca udal. 

The fishes of this family are marine; they resemble the 
Chaitodonts witli regard to tlieir mode of life, living chiefly in 
the neighbourhood of coral formations. Like them they are 
beautifully coloured, the same ])atterns being sometimes 
reproduced in members of both families, proving that the 



Fig. 240. — Dascyllus aruaims. Natural size, from the Indo-Pacific. 

' development and distribution of colours is due to the agencies 
V of climate, of the surroundings and of the habits of animals. 

' ^ yhe geographical range of the Fomacentridee co-extensive 
that of the Chsetodonts, the species being most numer- 
in the Indo-Pacific and Tropical Atlantic, a few extend- 
Ijorthwards to the Mediterranean and Japan, aonthwards 
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to the coasts of South x\ustraliji. They feed cliietly on small 
marine animals, and such as have compressed teeth appear to 
feed on the small Zoo]diytes coverinj^ the hanks, round which 
these Coral-fishes” ahound. In a fossil sl;itc‘ tliis family is 
known from a single genus only, Odontn/s^ from IMontt' llolca, 
allied to JTcliastcs. Tlie r(‘ce.nt g(MU‘ra, helonging to this 
family are: — AntpJi i/yruni, Prnn/iffs^ Dasr/flJ JjCpnhiZjfgni^, 
Pom((ccnf)''US, Gh/pliuhnloHy and /A7/e.s7r,'>. About 120 

species are known. 

S i-:e( )N 1 ) 1 "a m 1 1 A’ — L A 1 un I > . 1 

Body ohJony or rlinojdti'y rovcrcd ii'tfli cycloid, scdlcs. The 
latend line cjiciids to fhcccrudol, or is liiferrvpfcd. One dorsal 
faiy 'icitli ilie spirnms portion as vrll derclojicd (fs,_ or more Ilian, 
the soft. The soft a/nal similar to the soft dorsal. Ventral fins 
thoracic, milh one spine and Jirc sojt rays, .ralafe vdthoni 
teeth. Branrhiostcfjids Jirc or sic; yills three and a. half; 
pseU'dohi'aneJiiay and, a ir-hl adder present. 1 ylorie ajpendayes 
7ione ; stoniach mithont eaeal sac. 

The “Wrasses” are a. large family of liltoial lislies, very ' 
al)undant in the. temi)era.te and tro- 
pical zones, l)ut becoming scarc(‘i’ to- 
wards the Arctic and Antai‘(*tic circles, 
where they disappear entirely. IVIany 
of them are niadily recogniscal by 
their thick lips, whieli are sonadiiiKiS 
internally folded, a peculiarity winch 

^ has riven to them the (derman term Fig. 241. -Lips of a Wrasse, 

' ® 1 1 • LnJrrus festims. 

of “Lip-fishes.” Ihey feed c;lnelly 

on mollusks and crustaceans, their dentition l)ein<5 admirably 
adeypted for crushing hard substances. Many species have 
a strong curved tooth at the posterior extremity of the ;■! 
intermaxillary, for the purpose of pressing a shell against 
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tHe lateral and front teeth by which it is crushed. Other 
Wrasses feed on corals, others on zoophytes; a few are 
herbivorous. In all Wrasses the upper pharyngeal bones 
seem to he jointed to the basi-occipital ; but whilst in 
Zabrus the basi-occipital is raised on each side into a large 
■flattish condyle, fitting into a concavity of the upper 
pharyngeals, in Scarm the mode of articulation is reversed, 
the basi-occip^ital having a pair of long grooves, in which 
the oblong condyles of the upper pharyngeals slide for- 
wards and backwards. Beautiful colours prevail in this 
family, permanent pigmentary colours as well as passing 
iridescent reflections of the scales. Some species remain very 
small, -others grow to a weight of fitty pounds. I he larger 
kinds especially are prized as food, the smaller less so. 

Eemains of I.abridrc, recognised by their united pharyn- , 
oeals, which bear molar-like teeth, are not scarce in tertiary 
formations of Frauce, Germany, Italy, and England. Such 
remains from Monte Ikflca and the Swiss Molasse have been 
referred to the geirus -Lahrus. Others, Nunimopalatus and 
Phyllodus, are allied, but cannot be assigned, to one of 
the recent genera ; the latter genus is first represented in 
cretaceous fOTinations of Germany. Another genus, Taurinich- 
thys, from the Miocene of France, represents the Odaevna of 
the living fauna. Egcrtonui, from the Isle of Sheppey, differs 
' so much from all recent Labroid genera that its pertinence to 
■ this family appears doubtful. ' 

[See J. Opaihi, Mouogi-afia ilei Pharyiisoiloirilida!, 1866 ; anil E. Sauvage, 
Sur le genre Nnininojialatus, in Hull. Soc- Gcol. trance, 1875.] 

LabrUS. — B ody compressed, oblong, covered with scales of 

K ijOio^erate size, in more than forty transverse series; snout more 
§;ibt less pointed ; imbricate scales on the cheeks and opercle's ; 
v.'or only a few on the interoperculum. Teeth in the jaws 
a single series. Dorsal spines numerous, thirteefi or 
j^^ne,: none of .which are prolonged; anal spines three, ^ 
not interrupted. 
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Young “ Wrasses ” differ from mature vspecimens in having 
the pneoperculum serrated. The lieadcpiarters of this genus 
hre the Mediterranean, whence it ranges, gradually diminish- 
ing towards tlie north, along all the shores ol‘ Knrope. Nine 
species are known; British are the “ Ballan VViasse” (Z. 
maculatiis)^ and the “»Stri[)ed or Bed Wrasse” or “ Cook ” 
(Z. iii'kdLis). The two sexes of the latha* s])(M'i(\s are very 
differently coloured ;* the male heing generally ornamented 
with blue streaks, or a blackish band along the body, whilst 
the female has two or three large black blotcla's across the 
back of the tail. 

Crenilabrus ar(i Labrus with serrated pi'a.‘()]H‘rcnlinii ; the 
number of their dorsal spines varies from thirtcM'ii to eighteen, 
and the scales are arranged in less than forty transverse series. 

The range of this genus is coextensive with Zahrus. U. 
onelo2)s, the “ Gold-sinii}',” or “ (Jurk-wing,” is common on the 
British coasts. ^ 

> 

TautoGA. — Body compressed, oblong, covtauMl with small 
scales ; scales on tla^ cln'ek riidinientary, o})ercles naked. Teeth 
in the jaws conical, in double series ; no posterim* ( anino tooth. 
Dorsal spines seventeen, anal spines tliiee. Lat(U’a] lim} not 
interrupted. 

Tlie “ Tautog,” or Black -fish,” is common on the Atlantic 
coasts of temperate Nortli America, and much esteemed , as 
food. 

Ctenolabrus. — Body oblong, covered with scales of moder- 
ate size ; imbricate scales on the ch(;eks and opercles. Teeth in 
the jaws in a band, with an outer series of stronger conical teeth; 
no posterior canine tooth. Dorsal opines from sixteen to eighteen; 
anal spines three. Lateral line not interrupted. 

Pour species, from tlie MediteiTanean and the temperate 
parts of the North Atlantic, CL rupestris being common 0U;|^ 
the British, and CL hurgall on the North American coasts. 
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AcANTHOliABRtis. — A Wrasse with five or six anal spines, 
and with the teeth in a band. 

From tlie Mediterranean and British coasts (A. 'palloni), 

Centrolabrus. — Wrasses with four or five anal spines, and 
with the teeth in a single series. 

Two species are known from Madeira and the Canar}) 
Islands, and one from northern Europe and Greenland. Th(^ 
latter is scarce on tlie British coasts, • but . bears a distinct! 
name on tlie south coast, where it is called “ Piock-cook.” I 

Lachnolaemus frijin the West Indies, and Malacopteru^ 
from Juan Eernaiuh^z, are Lal)roids, closely allied to the pre^j 
ceding North Atlantic genera. 

COSSYPHUS. — Body compressed, oblong, with scales of moder- 
ate size ; snout more or less pointed ; iml)ricate scales on the 
cheeks and opercles ; basal portion of the vertical fins scaly ' 
Lateral line not interrupted. Teeth in the jaws in a single 
series ; four canine tei^th in each jaw anteriorly ; a posterior 
canine tooth. Formula of the fins : F). i , A. p,. 

Twenty species are known from the tropical zone /anil 
coasts adjoining it; some, like G. (jouldii from Tasmania,’ 
attain a length of three or four feet. 

Chilinus. — Body conn)ressed, oblong, covered with large 
scales ; lateral line interrupted ; cheeks with two series of scales; 
praeoperculurn entire ; teeth in a single series, two canines in 
each jaw ; no posterior canine tooth ; lower jaw not produced 
backwards. Dorsal spines subequal in length ; formula of tjie 
fins: D. A. f. 

Common in the tropical Indo- Pacific, whence more than 
twenty species are known. Hybrids between the different ' 
species of this genus are noUuncommon. 

" • ‘ 

: yi^PIBU^ — Closely allied to the preceding genus, but with 

^ protractile mouth, the ascending branches of the fciterr 
the mandibles, and the tympanic being much* pro- 
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This fish {L, insidiator) is said to seize iiiariue animals 
by suddenly thrusting out its mouth and engulpliing those 
that come within the reach of tlie elongated tube. It attains 
^ Icngtli of twelve inches, is common in tlie tro]»ical Indot 
^Pacific, and A’aries mucli in coloration. 

I ANAMPSKa-^-T)istinguished hy its singular dentition, the two 
i‘oiit teeth of eacl. jaw ])eing prominent, <liiveted {‘orwards, com- 
iressed, with cutting edg(‘. I). A. ,e.. • 

I Beautifully coloured lishes 1‘rom llu; tropical Indo-Pacific. 
ITen spech's. 

Ytc'i Pla 1 YG Lossus. Scales in . thirty or K'ss transvause scu’ies ^ 
lateral lino not intcrnipteil. A posUn-ior canine tooth. Dor.sal 
lupines nine. 

f Small heautilully c.<)lour(‘d (yora.l-lisln‘s, abundant in the 
|ecpuitorial zone and tin* coasts adjoining it. Some (*ighty 
Species are hnown (inclusive of the allied gciieia, ^(ethojnli% 
Leptojtdis, and is). 

Novacula. body sti’ongly compressed, olilong, covau'ed 
with scales of moderates size ; head compn'ssed, edevatnd, olanse, 
with the supero-anterior ])]‘efil(5 mor(} or less j)aral)olic ; head 
neaily fentii’ely nalced. Lattavd Iin(‘ interrn]it(‘d. Ne ])osterior 
caiiino tooth. I). py, A. ; tin* (avo anterio)* dorsal spines 
sometimes remote or separate liom tin; nthers. 

Iwmity-six s[)ccies are kmjwn I join tin; tropical zone, and 
the warmer parts of tlni t(*m])erate zones, ddiey are rcjadily 
recognised by tlnn’r comj)n*ssed, knire-sliaped body, and 
peculiar i)h>'siognomy ; they scarcely (‘xc.and a lengtli of 
twelve inches. 


JULIS. — Scales of moderati.^ size ; lateral line not interrupted. 
Head entirely naked. Snout of moderate extent, not produced; 
no posterior canine tooth. DorsijJ spines ten. 

Co-extensive Plafy gloss as in their geographical dis- g 



on, and of like beautiful coloration and similar habits*, 
'f the most common fislies of the Jndo-Pacific, as X 
'drilohata, and dorsalis^ belong to this genus. 
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06ias.-Scales small/in fifty or more transver^ 

UteS L not intermpted. Head »««,!, naked. D.n»l 

“^"tj-areo spcciea, distributed like 
■ J> an Lth cc»,t of England, /.* and C 
“id to b. mate and temalo of tbo same Sl« Som® 
telra tlte most gorooonslycotenmd kinds of tb. whole 

''Ton“tllied to the preceding Lahroids am-Cter<y., 

Ckftieus, LahrKWujt, J ’ , 

^ vJrMus. BImho. 

““’p?,”*,!rx.-Scalc. of moderate sire ; lateral line continn- 

edg.j .eetl. of the. 

.tir ph.ry.gc.al confluent, pavement-like. IW 

One species {P. violuccensis) ironi the East Indian Arc 

pelago. 


SCARUS.- 


-Jaws forming a sheavp beak, the teeth 

• fhri 


bein" 


; torimiig a 

E .flior The lower iaw projecting beyond the upper. 

plate of the lower pharyngeal is broadei tlnan Ion,,,. 

The fishes of this genns, and the three succeeding, < 
knolrhy the natu. of « Pattotewrassos.” Of So,.,., one 
species {S. eretensis) occurs m the Mediteirauc.in anc n 
' Others in the tropical Atlantic. The first was held in higi 

ttehytho ancients, to. Aristotte it. 

sea. between Otete 

;^:an'd Asia Minor, hut was not unknown even in early time. 
l«Qae lial^an coasts, though Columella says that it se .om 
»H;;..beyond Sicily in his day. But in the reign o. 
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Tom tlie Troad, and introduced it into the sea between 
Ostium and Campagna. For five years all that were caught 
in the nets were thrown into the sea again, and from that 
time it was an abundant iisli in that hicality. In tlie time ofi 
riiny it was considered to l)e the first of lislies (Nunc Scaro 
datur and the ex])(‘nst‘, ineuriv'd by Elipentius 

was justified, in the opinion of th(‘ Konian gonrmaiuls, by the 
extreme delicacy of the fish. It was a fish, said the ])oets, 
whose very excrements tlie gods theinselv(‘s wi‘re unwilling 
to reject. Its ilesh was tender, agre(;al)le, sweet, easy of 
digestion, and (piickly assimilated ; yet if it. happened to have 
eaten an A])lysia, it ])i‘()dne(Ml viohmt diarihosi. In short, 
there is no fish of which so much has b(*en said by ancient 
writers. In the present day the Sc^arns of' tlui Archipelago is 
considered to be a fisli of exipiisite flavour ; and the (Ireeks 
still name it Scaro, and eat it with a sauce made ol its liver 
and intestines. Tt feeds on. fucus; and ValeiK'hmnes thinks 
that the necessity I'or masticating its veg(.*tabh.^ dicit thoroughly, 
and the working of it .with that intent backwai’ds and for- 
wards in the inoiith, may have given ris(^ to the notion of its 
being a ruminant ; and it is certain that its aliment is very 
finely divided when it reaches the stomach. 

SCARiciiTHYS. — Diflcring from Scarm only in having flexible 
dorsal spines. 



Fig. 242. — Scarichthys auritus. 


Two species from the Indo-Pacific. 
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\m double posteriorly only. . , ^ 

, Nine species from tbc tropica zon . 

PSKHBOSCAKUS.--JaWB W , 

^,eing soldered together. ie, cheek. The denti- 

gerous plate of the lower phaijngi.1 „ 

" This tropical S-ub contains by fe_tl 

.of Scaroid Wrasses some introduced into the 

a still greater number of ^ beautifully coloured, 

various Iclithyologita wci ..ywi yary in an extraordinary 

hut the colours change with ,,,,, aeath, so 

degree in the same Bpecics.^ ^co^iiise in preserved speci- 
that it is ahnost impossible U ^ 

■ mens the species described length. ^ by 

attain to a rather large size, I ^ poisonous propertief rela- 

The majority are eaten, )U smn i^ded 

from their food, which cons s . • barp without distiuGf'^* 

OllAX.-The edge of (uich pharyngeal triangular 

teeth, ^riie dentigoroiis^platc^^^^^^^^^ opercles scaly ; scales o 

, much broader than long. i.^teral hue continuous, fonou 

the body small or rather ,,,ihle. 

conical. Australia a^ 

Six species from the coasts of Alls 

'V 



Vie 243 .'— T 

. flared (0. radiatv^) ^ ftom^ 

;4£i . ao-a ite *!>«'<« 1 
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CORIDODAX.— Jaws as in 0(fe.r, lieail naked. Scales of the 
body small ; lateral lino continuous. Snout of moderate extent. 
Dorsal spines numerous, fiexiijle. 

The “ P, utter-fish ” or “ Kolp-''^'* ” 

Zealand {C. 

of four or five pounds. It feeds on zoophytes, sei-apuig them 
from the surface of the k.dp, with its curiously formed teeth.. 

Its bones are oreen. like those of Jlch'in'- 

Oi-TSTliKitofs, from Kin- (feor-es Sound, has scales ol 
moderate size, hut agiees otherwise, with (Wiiiod,u-. 

SumoNOONATin s.-llead and body very clon-ate, snout long, 
as in FhfMh'rh! ; upper jaw terminating in a. long, pointed skmny 
appendage ; opereles ami cheeks scaly ; scales ot mo, le rate size ; 
lateral line continuous. Dorsal spiims nun, crons, Icxihh . Jaws 
as in Oder; the .lentigerous plate of the lower pharyngeal very 

narrow. , • ,i ,f 

.S', cmjyrophn^es, from Kin- (loorge’s Souml, is the most 

abcrrant‘typ<^ "f Wrasses, whose prim-ijial characters are re- 
tained, hut unite, I with a form ,d' the ho,ly wlmdi resemhk.s 
that of a Pipe-fish. 

Tiiiiti) Ka.mii.v — Km u i i>-K- 

Body eooqors^rd, dcrakd or ohiooy, cormd vdlh ajddd 
scales ; Mcral line coni moons. Onr dorsal Jin. nnfh a sjnrums 
portion, emd vdlh a seedy sheath alon.j the base, vdmk u 
separated hy a yroove from. the other seales ; anal 'wUh three 
'spienes and mmerons reeys ; rentrai Jins tkoracee, vMh ovs 
spine and five rays. Small teeth in the jams, none on the pedate.- 
Psmdobranehue present. Stomach sqdwnal. pyloree appendaejes 

of the fauna of the temperate 
Mr Pacific, the majority living on the American side and, 
onlv a few.on the Asiatic. AU are viviparous (see Fig. TyAf 
p. 159). Agassiz describes the development of the embry^,; 



as a normal ovarian gestation, the sac containing the young 
riot being the oviduct but the ovarian sheath, which fulfils 
the functions of the ovary. This organ presents two modes 
of arrangement : in one there is a series of triangular mem- 
branous flaps coinmunicatiiig with each other, between which 
the young are arranged, mostly longitudinally, the head of 
one to the tail of another, but sometimes with the bodies 
curved, to the number of eighteen or twenty ; in the other, 
the cavity is divided by three membranes converging to a 
point, into four compartments, not communicating with each 
other except towards tlie genital opening, the young being 
arranged in the same longitudinal manner. The propor- 
tionate size of tlie young is very remarkable. In a female 
specimen 10^^ inches long, and inches high, the young 
were nearly 3 inches long and i inch liigh. Seventeen 
species are known, the majority of which belong to Ditrema, 
and one to llysterocaijnis, Tlifey do not attain to a large size, 
varying from three-cj^uarters to three pounds in weight. 


Fourth Family— Chromides. 


Body elevatcdy obloxuj or elonriatc^ scaly, the scales being 
generally ctenoid. Lateral line interrupted or nearly so. One 
dorsal fin, 'with a sjnnous 2 )ortion ; three or more anal spines ; 
the soft anal simdlar to the soft dorsal. Ventral fins thoracic, 
with one spine and 'five rays. Teeth in the yaws small, palate 
miooth. Pseudohranchicc none. Stomach ,coecal ; pyloric ap- 


pendages none. 

i ' Freshwater-fishes of rather small size from the tropical 
^'^parts of Africa.and America ; tone genus from Western India. 
:|^he species with lobate teeth, and with many circumvolu- 
of the intestines, are herbivorous, the other carnivoroiis. 

S^i^TI^OjPXiUS. — Body compressed, elevated, covered with ctenoid 
moderate size. Lateral line indistinct. Dorsal and anal 



CHROMIBES. 


535 


spines numerous.. Teetli compressed, lobate, in one or two 
series. Anterior prominences of tlu' braiicliial arches n(;jt 
numerous, short, conical, liard. Dorsal fin not scaly. 

Two species from Ceylon uiid Soutlievii India. 

Chromis.' — Body compressed, oblong, (‘ovei’ed Avith cycloid 
scales of moderate size. Dorsal spines nununons, anal spines 
three. T(‘eth compressed, more or l(?ss l()l)at(‘, in one series. 
AnteriorJ’promimmces of the branchial arche.s short, thin, lainelli- 
form, non-serrated. Dorsal fin not scaly. 

Some twenty s[)eeies are known IVoni 11 k‘ fresh waters of 
Africa and Palestine; the most celebrated is the “ Bulti,” or 
“Bolty,” of the Nile, one of the lew well-llavoured fishes of 



that river; it grows to the hmgth of twmity inches. Two or 
three species of this genus occur in the dordan and Lake of 
Galilee. 

Hemichromis, dilTering from Chromh in having conical teeth 
in one or two s(3ries. 

Ten species, the range of which i.s coextensive with that 
of Ohromis. One species, II. ^icra, is abundant in the Lake 
of Galilee. : ;;5 

• Paretroplijs, differing from Hemichromis in having 
^nal spines. , ■ ' 

One species from Madagascar. 
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Acara. — Body compressed, oblong, covered with ctenoid 
scales of moderate size. Dorsal spines numerous, anal spines 
three or four ; base of the soft dorsal nearly uncovered by 
scales. Teeth in a band, small, conical. Anterior prominences 
of the first branchial arch very short tubercles. 

Some twenty species are known from the fresh waters of 
Tropical America, ji, himaculaia being one of the most com- 
mon fishes of that region. All are very small. 

Heros. Differing from Acara in having more than four 
anal spines. 

Some fifty species are known from tlie fresh waters of 
Tropical America, especially Central America, Avliere almost 
every large lalce or riv'er is tenanted liy one or more peculiar 



Fig. 2-15. — Ur.ros salviniy from C^iiitral America. 

species. They are of rather small .size, rarely exceeding a 
length of twelve inches. 

Genera allied to IIctoh, and likewise from Tropical 
America, are Ncdrojdiis, 3Iesonavta, Petenia, Uarii^ and Ilygro- 
gonm, 

• CiCHLA. — Form of the body perch-like. Scales small; the 
-spinous and soft portions of the dorsal fin of nearly equal extent, 
and separated by a notch; an^l spines three. Each jaw with 
a broad band of villiform teeth. The outer branchial arch with 
prominences along its concave side. Dowal 

^pMrfins scaly. 

llj^d^Upecjes from Brazil, Guyana, aAd Peru. 
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Crenicichla.— B ody low, sub-cylindrical ; scales small or 
rather small. The spinous portion ot tlie dorsal is much more 
developed than the soft, both being oontimioiis. and not separated 
by a notch ; anal spiiu's three. Pra*operciilar margin serrated. 
Each jaw with a l)and of conical teeth. The outer branchial 
arch with sluu’t tubercles. Oorsal and anal lins nahtnl. 

Ten species from Binzil and (luvaiia. 

*Tlie following giuuu'a. (‘om]»h*t(.‘ tlu‘ list of Soutli Amei'ican 
Cbroinides : Chtt Sif/(nioii('rc<f, iu'epluujuii, 

Spnjj/tysodon, and P/rro/drf/Iltfju. 


TI IIIII) OlM)i:U—AN A(h\NTl 1 INI. 

VvviiCdland rev/rtfl fms I'l/lHN/f spi /loi/s rfufs. 'fin' roilntl 
pyrc^c nf ptt'(‘ jiufiild)" or f horde ic, A tr-lthnUe r, I f prcHcni, 

vnthodt 'pdni matte (laet, 

Thes(‘ cliaractm’s ai*(‘ common to all the niemlxTs of this 
order, wit] 1 tlie (‘xcept ion oi* a freshwat(*r-lish IVom Tasnuuiia 
and South Australia {t Patopsie)^ which has the aidcu'ior por- 
tion of the dorsal and anal tins formed of spines. 

FjliST Division — Anacwnthini Daixodki. 

Head and hodtj sifiiniiefrletdltf fdndetl. 

1 1 1 ST Fa m I L V — L V e o I n I ) . 1 ; . 

Vertical Jinn eonjlnent. Vent rat jin^ ij' premnt^ smally 

attciclied to the luirner(d areh^ jininlar. Gdl-trjteriiw^ 
the gill-meiidrraiie heiioj attdehed, to the istJun tm. 

Marine littoral iislies of snudl size;, resemiding Blennies, 
chielly represented in high latitudes, but a few living within 
the tropical zone. 

IiYCODES. — Body elongate, covered with minute scales im-^ 
bedded in the skin, or naked ; lateral line more or less indistinct. 
Eye of moderate size. Ventral small, short, rudimentary, jugular, 
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composed of several rays. Upper jaw overlapping the lower. 
Conical teeth in the jaws, on the vomer, and on the palatine 
bones. Barbel none. Five or six branchiostegals ; gill-opening, 
narrow, the gill-membranes being attached to the isthmus. 
Pseudobranchise present. Air-bladder none. Pyloric appen- 
dages two, or rudimentary, or entirely absent. No prominent 
anal papilla. 



Fig. 246. — Ly codes iiiiicosus, Iroin Northumberland Sound. 


Nine species arc known from the Arctic Ocean, four from 
the southern extremity of the American continent. 

Gymnelis. — Body elongate, naked. Eye of moderate size 
or rather small. Ventrals none. Vent situated at some dis- 
tance backwards from the head. Small conical teeth in the jaws, 
on the vomer and palatine bones. Jaws equal anteriorly. 
Barbel none. Six branchiostegals; gill-opening narrow, the 
gill membranes being attached to the isthmus. PseudobranchiaB 
present ; air-bladder none. Pyloric appendages two no pro- 
minent anal papilla. 



Fig. 247. — Gymnelis viridis. 


One species {G, mridis) from Greenland, the other {G, 
jpictus) from the Straits of Magelhien. 

:i ; The other genera belonging to this family are Uromctes 
Baffin’s Bay, Microdesmus from Panama, Blennodesmus 
the coast of North-Eastern Australia, and Maynea from 
|^e'.Sti|;aits of Magelhsen. 
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Second Family— Gadim.i;. 

« 

Body more or less elongate, covered with, small smooth scales. 
■ One, two, or three dorsal Jins, occupying nearly the whole of tlm 
hack; rays of the posterior dorsal mil de reloped ; one or two 
. a7ial fms. Caudal free J'rom dorsal and anal, or, if they are 
wi'Ued, the dorsal with a separate anterior poiiion, Ventrals 
jugulat, com/posed oj several rays, or, if they arc reduced to a, 
fUanient, tiic dorsal zs divided into tiro. (I dl -opening wide ; 
the yzll-nicmh rank's grneredly not attached to the isthinu^, 
Pseudohranchuv zione, or glandular, rudinientari/. An air- 
hladdcr azid pyloric ap/iendages genendl?/ present. 

llie fjiiriily ol “ Cod-llslios ” coii.sisi.s ]):irLly of littoral and 
surface species (and t]u‘y l‘orni tlie Jiiajoi ity), partly of de.ep- 
sea forms, llie lormer aiHi almost (‘iitiit^ly (‘oidim;d Pa the 
temperate zones, (‘xtendinn' lH‘yond the Arcti(‘. Circhj; the 
latter have, as de('])-sea lish(‘s ,i;(*nerally, a much wider range, 
and liitherto have hemi (ound ('hi(‘IIy at eoiisidcaahhj depths 
of rather low latitudes. Only twa> oi* three species inliabit 
fresh waters. Tlu'y form one of tlui most im])oilant articles 
of food and subsistenc(j to tlie lislirn’iiien in Inirojieand North 
America, and to wliole tribes bordering upon th(} Arctic 
Ocean. 

Fossil remains are scarc(i. Nenioptvryx and Palaiogad/ns 
have been described from the schists of (Haris, a formation 
believed to have been the bottom of a s'ery de(^|) sea. In the 
clay of Sheppey species occur allicid to Cad us, Merliiccius,QXi^ 

^ Fhzycis ; others, not readily determinable, have been found at 
Licata in Sicily (Miocene). 

• ' ' ' ■ 

" Gadus. — Body moderately elongate, covered with small 
scales. A separate caudal, three dorsal, and two anal hnsp 
, ventfals narrow, composed of six or more rays. Teeth in 
.upper jaw in a narrow band ; vomerine teeth ; none on the 

Sines. 
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Arctic and temperate zones of the Northern Hemisphere. 
Eighteen species are known, of which tliQ following are the 
most important : — 

Gadus morrlma, the common ‘‘ Cod-fish — in German 
called Kabeljau ” when fresh and old, “ Dorsch ” when young 
and fresh, Stock-fish when dried, “ Labi )crdan ” when salted 
— measures from two to lour feet, and attains to a weight 
of one hundred pounds. On the Lritish coasts and in the 
German Ocean it is generally of a greenish or brownish-olive 
colour, with numerous yellowish or brown spots. Farther 
northwards darker-coloured s])ccimens, fre({uently without 
any spots, predoininate ; and on the GrecTdand, Iceland, and 
North Scandinavian coasts the Cod have often a large irregular 
black blotcli on the side. The Cod-fish occurs between 50° 
and 75° hit. N., in great profusion, to a de])th of 120 fathoms, 
but is not found nearer the Fcpiator than 40° lat. Close to 
the coast it is met with singly all the year round, but towards 
the spawning-time it approaclies the shore in numbers, which 
happens in January in England and not Ixvfore May on the 
American coasts. Tire English lesorted to the cod-fisheries 
of Iceland before tire year 1415, but since the sixteenth 
century most vessels go to the banks of Newfoundland, and 
almost all the preserved Cod consumed during Lent in the 
' various continental countries is irnpbrted from across the 
Atlantic. At one time the Newfouirdland cod-fishery rivalled 
in importance the whale-fishery and the fur trade of North 
America. Cod-liver oil is prepared from the liver on the 
Norwegian coast, but also other species of this genus contri- 
bute to this most important drug. 

Oadus tomcodus abundantly occurs on the American coasts ; 
y it remains within smaller dimensions than the common Cod- 
Gadus cegleJlnuSj the Haddock ” ('* Schell-fiscli ” (rf the 
Hadot of the French), is distinguished by a black 
a blackish spot above the pectoral fin. It 
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attains to a length of three feet in the liiglier latitudes, but 
remains smaller on more soutliern coasts ; like the Cod it ex- 
tends across the Atlantic. The largest specimens are taken 
on the TlritiMi coast in inter, because at that time they leave 
the deep ^vater to sj)awn on llie coast. Gmltis Die rhviff tlie 
Whiting,” v'ith a black spot in the axil of (he pet'toral iin. 
Gadns lifscifs, tlio “ liil),” “ Tont/’or “ Whit iiig-jx Mil with cross- 
bands during lilh, and witli a black axillaiy sjuM, rarely ex- 
ceeding a weightot li^’(.‘. ])ounds. (r<(d tfsj<di/'n'i small sptH'ies, 
but occurring in incredible numbei’s on tla* shoi'cs near the 
Arctic circle, and ranging t() SO lat. N. (ttnfi/s the 

“ Pollack,” without a ])arb(*l a( th(‘ chin, and with tlu' lower 
jaw j)rojec ting l)eyond tlu', uj)])(*r. CV^///s7'/yvvrs‘,t1u‘“(a)al-fish,” 
valuable on account of its size and abuixlanci*, and tlawed’ore 
preserved for export like tlx* Cod. 

The fishes of the g( ‘iius (lid! ns ar(* bathynx'tiicall y six> 
ceeded by sevaxiil giuxu'a, as Gndicnl ns^ Morn^ :ind Slrhishf ; 
however tlx;*se d() ix>t (l(‘sci*ixl t() sunicieiilly gi’tnt (le])ths to 
be included into t he d(M‘])-sea, Fauna ; tluj two following are 
true deep-sea fishes. 

IIalaug YUKUS. — IJod}^ elongate, cr>vei’ed with small scales. 
Two dorsal and two anal Jins ; ventral.s cfunjyosed of sevei’al rays. 
Jaws Avith a liaixl of minut<5 villilbrm tcM'th ; vomer and i)alatineB 
toothless. Tso barbel. 

Tlie single sjx'caes kixawn, //. /oft nsonn (\ jcovi^s to 1)0 a 
deep-sea iish by its organisation as Ave.ll as geograjihical dis- 
tribution. Originally knoAvn from a single specimen, which was 
obtained at iVIadeii'a, it has since; Ikmui foiiixl olf tlx; coast of 
‘NQ^Y Zealand. Tfxue is no doubt that it xvill lie discovered 
also in intermediate seas. • * 

Melanonus. — Head and body rather compressed, covered 
with.# cycloid scales of moderate .size, and terminating in a long 
tapering tail, without caudal. Eye of mcKlerate size. Villiforin 
teeth in the jaws, on the vomer and palatine bones, jBarhot 



none. A short anterior dorsal, the second extending to the end 
of the tail, and the anal being of similar length. Ventrals com- 
posed of several rays. Bones soft and flexible. 

This is one of the discoveries made during the expedition 
of the “ Challenger.” Tlie single specimen obtained is of a 
deep-black colour, and was dredged up at a depth of 1975 
fathoms in the Antarctic Ocean. 

» Merltjccius.— B ody elongate, covered with very small scales. 
A separate caudal ; two dorsal fins and one anal j ventrals well 
developed, composed of seven rays. Teeth in the jaws and on 
the vomer rather strong, in double or triple series. No barbel. 

Two species are known of this genus, widely separated in 
their distribution. Ihe Kuropean species, M.-vulrfciris, the 
Hake, is found on both sides of the Atlantic, arid grows to 
a len^gth of four feet. It is caught in great numbers, and 
preserved as “Stock-fish.” The second species, Jf. gayi, is 
common in the Straits of Magelluun and on the coast of 
Chili, less so in Now Zealand. 

The vertebral column of this genus shows a singular modi- 
fication of the ap(jphyses. The neural spines of all the 
abdominal vertebne aro extremely strong, dilated, wedged into 
one another. The parapophyses of the third to sixth verte- 
brm are slender, styliform, whilst those of all the following 
abdominal vertebne are very long and broad, convex on the 
upper and concave on the lower surface ; tlie tw'o or three 
anterior pairs are, as it were, inflated. The wdiole forms 
a strong roof for the air-bladder, reminding us of a simi- 
lar structure in Kurins. 

PsEUDOPHYCis. — Body of moderate length, covered with rather 
sniall scales. A separate caudal, two dorsals, and one anal ; ven- 
narrow and styli^jrm, but ‘composed of several rays, 
with a band of small teeth j vomer and palatines toothless. 
Jhin with a barbel. 

Species, of which Ps. hachus is common on the coast* 





0^6 


Allied genera are Zotella, Phi/skiiliiii, Uralcptm, and 
Xmmonema, from moderate depths, obtained chieHy off 
;Madeira and the Soutliern Temperate Zone. 



Fig-. 248. — Pseudo] >li3’ci.s b.Tcluis. 


Phycls.— Body of niod(imt(3 length, covered with small scales. 
Fins more or less enveloped in loose skin. A s(‘pai‘ato caudal • 
two dorsal fins and one anal ; tli(‘, anterior dorsal composed of 
from eight to ten rays; ventrals reduced to a single lon<^ ray, 
bifid at its end. tSniall te('th in the jaws a,ud on the vomer ; 
palatine bones toothless. Chin with a barbel. 

Six species from the teinjierate parts of th(‘, Noiih At- 
lantic and the Mediterranean, one, /V/. Iflp/iuiou/zs, is occa- 
sionally found oji the British coast. 

Halopompjivrus. — B ody elongate, eovf'rcd with small scales. 

A separate caudal, t^vo dorsal fins, and om*, anal ; the. lirst dorsal 
with four rays ; ventrals narrow, composed of si.v rays. Jaws 
and vomer Avith villiform teeth ; iialatiiie Ixmes toothless. Chiu 
with a barbel. 

A small genus of d(3e])-sea fislais, of Avhich thi-ee species 
are knoAAm. They oher a sti’iking instancci of the (‘xtraordinary 
distribution of deep-sibi lishes; H. lepuHon occurs in from 100 
to 600 fathoms in the llediterramfaii and the neiirhhourinL^ 
parts of the Atlantic, off the coaj^t of »Japan, and various parts 
of the South Atlantic; II. amindia in from 55 to 70 fathoms 
in the Straits of Magelha^n ; and finally H. rostratus in from> 
600 to 1375 fathoms, midway between the Cape of Gop4 ^ 
Hope and Kerguelen’s Land, and in the South Atlantic. ^ 



LoTA.-^Body elongate, covered with very small scales. A 
separate caudal, two dorsal fins, and one anal ; ventrals narrow, 
composed of six' rays. Yilliform teeth in the jaws and on the 
vomer ; none on the palatines. The first dorsal with from ten 
to thirteen well-developed rays. Chin with a barbel. 

The ‘‘ Burbot,” or “ Eel-pjoiit ” (X. vulrjaris, Tig. 8, p. 43), 
is a Freshwater-fish which never enters salt water. It is 
locally distributed in Central and Northern Europe and 
North America ; it is one of the best Freshwater-fishes, and 
exceeds a length of three feet. 

Molva. — Differs from Lota in having several large teeth in 
the lower jaw and on the vomer. 

The “ Ling ” (df. vali/mi^) is a very valuable species, 
common , on the northern coasts of l^lurope, Iceland, and 
Greenland ; and generally found from three to four feet long. 
The larger numl)er of the specimens (taught are cured and 
dried. 

Motella. — Body elongate, covered with minute scales. A 
separate caudal. Two dorsal fins, the anttuior of which is 
reduced to a narrow rayed fringe, more or less concealed in a 
longitudinal groove ; the first ray is prolonged. One anal fin. 
Ventrals composed of from five to seven rays. A band of teeth 
in the jaws and on the vomer. 

Eight species of ‘‘ Eocklings ” are known from the 
coasts of Europe, Iceland, Greenland, Japan, the Cape of 
Good Hope, and New Zealand. They are of small size, and 
chiefly distinguished by the number of their barbels. British 
are the Five-bearded Bockling (Jf. mustela), the Three-bearded 
Eocklings (if. tricirrlicda, macropUtlialrm^ and maculata), and 
the Four-bearded Eockling (J/. ciinhria). M. Qiiacrophthalma * 
comes from a depth of from.SO to 180 fathoms. The young 
are known as “Mackerel Midge” {Concilia), and sometimes 
met with in large numbers at some distance from the cogst. 

y EANICEPS. — Head large, broad, and depressed.; body of. 
ijoddrate length, covered with minute scales. A separate caudal. 





Two dorsal fins the anterior of which is very short, rinlimentarv. 
One anal fin. Ventrals composed of six rays. Card-like teeth in 
the jaws and on tlie vomer. 

llie Trifurcated Hake,” It. /rlfiimis. not nneonmion 
on the coa.sts of Northern Europe. 

Bregmagicros. — Body fusiform, compre ssed ])osteriorly, 
covered with cycloid scale.s of moderate size. Two dor.sal fins 
the anterior rcduc.al to a .sin.dc lone ray on (he oecipiit ; the 
second and the anal much de|)res.sed in the midille ; vi'utrals 
very long, compo.sed of five rays. Teeth small. 

A dwarl Gadoid, tluMuily oiu^ foiiml at the s\irfaee hetwe(‘n 



Fig. — liivgiiiaccros iM.Tcclrllaiidii. 

the Tropics. J». inanddlinpl it scarciily c.\(mn.mLs tlircti inches in 
.length, is not unconinion in tlie Indian ()(:,(‘a]i, and has found 
its way to New Zealand; s])eciincns liavc been picked up in 
mid-ocean. 

MuRiENOLEPis. — Body covemd with lanceolate epidermoid 
productions, intersecting each otlicr at right angles like those of 
a Fjesh water-eel. Vertical fins confluent, no caudal being dis-* 
cernible ; an anterior dorsal fin is represented by a single fila- 
.mentous ray ; ventral fins narrow, composed of several rays. A 

2 N A ■' '''i 
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barbel, J%ws with a band of villiform . teeth ; palate tooth- 
less. 

One species {M. marmoratus) from Kerguelen’s Land. 

Chiasmodus. — Body naked ; stomach and abdomen disten- 
sible. Two dorsal fins and one anal ; a separate caudal ; ven- 
tral fins rather narrow, with several rays. Upper and lower 
jaws with two series of large pointed teeth, some of the anterior 
being very large and movable ; teeth on the palatine bones, 
but none on the vomer. Chin without barbel. 

This Gadoid (6Vi. ni(jei\ Fig. Ill, p, 311), inhabits great 
depths in the Atlantic (to 1500 fathoms). The specimen 
figured was taken with a large vScopeloid in its stomach. 

Brosmius. — Body moderately elongate, covered^ with very 
small scales. A separate caudal, one dorsal, and one anal ; ven- 
trals narrow, composed of five rays. Vomerine and palatine 
teeth. A barbel. 

The Torsk ” (i^. brosme) is confined to the northern parts 
of the temperate zone, and probably extends to the arctic 
circle. 

Third Family — OPH iDiiDyE, 

Body 7nore or less elongate, naked, or scaly. Vertical fins 
generally united ; no separate aiiterior dorsal or anal ; dorsal ' 
oecupying the greater portion of the back, Ve^itral fins 7 'udi- 
menta^p or absent, jugidar, Gill-opeiiings wide, the gill-mem- ^ 
h'anes 7iot attached to the isthmus. 

Marine fishes (with the exception of Lucifuga), partly 
littoral, partly bathybial. They may be divided into five ‘ 
groups. 

; I. Ventral fins present,' attached to the hiime^'al arch: • 

'Brotulina. 

c 

\ . Brotula. — Body elongate, covered with minute scales. Eye 
‘^-,.of moderate size. Each ventral reduced to a single filament, 
5 >l; 40 ihetimes bifid at its extremity. Teeth villiform ; snout with 
One pyloric appendage. 
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Five species of small size from the Tropical Atlantic ami 
Indian Ocean. 

Lucifuga are Bmtxda organise;.! for a subterranean life. 
The eye is absent, or .luite rudimentary, and covered by the 
skin ; the barbels of Ihotula :ire reidaeed ly numerous minute 



Fig. 250. — Liieifuga dciitata, from cavf.s in Cuba. 


cilioe or tubercles. Tliey inhabit the subterranean waters of 
caves in Cuba, and never come to tlie light. 

Bathynectes, — Body produced into a long tapering tail, 
without caudal. Mouth very wide, villiforni tecUh in the jaws, 
on the vomer and [lalatine Ixmes. Barbel none. Yimtral lius 
reduced to simple or bifid filaments, placed close together, and 
near to the humeral symphysis. Gill-membranes not united ; 
gill-laminae remarkably short. Bones of tlie h(*a(l soft and 
cavernous ; operculum with^a very feeble spim; abov(‘. 

Deep-sea fishes, iiihahiting deptlis varying from 1000 to 
2500 fathoms. Three sjiecies are known, tlie largest specimen 
obtained being seventeen indies long. 

‘ Acantiionus. — Head large and thick, armed in front and on 
the opercles with strong s]>ines ; trunk very sliort, the vent being 
below the pectoral ; tail thin, strongly compressed, tapering, 



^ Fig. 251. — Acanthoiiu-s armatus. 

without caudal. Eye small. Mouth very wide ; villiform teetli 
in the jaws, on the vomer and palatine bones. Barbel none. 
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Yentrals reduced to simple filaments placed close together on the 
humeral symphysis. Scales extremely small. Bones of the 
head soft. 

Only two specimens, thirteen inches long, of this remark- 
able deep-sea form have been obtained, at a depth of 1075 
fathoms, in the Indian Ocean. 

Typiilonus. — Head large, compressed, with most of the 
bones in a cartilaginous condition ; the superficial bones with 
large muciferous cavities, not armed. Snout a thick protuberance 
projecting beyond the month, which is rather small and inferior. 
Trunk very short, the vent being below the pectoral ; tail thin, 
strongly compressed, tapering, without separate caudal. Eye 
externally not visible. Villiform teeth in the jaws, on the vomer 
and palatine bones. Barbel none. Scales thin, deciduous, 
small. 

Also of this deep-sea fish two specimens only are known, 
10 inches long, from a depth of 2200 iVitlioms in the Western 
Pacific. 

Apiiyonus. — Head, body, and tapering tail strongly com- 
pressed, enveloped in a thin, scaleless, loose skin. Vent far 
behind the pectoral. Snout swollen, projecting beyond the wide 
mouth. No teeth in the upper jaw, small ones in the lower. 
No externally visible eye. Barbel none. Head covered with a 
system of wide muciferous channels, the dermal bones being 
almost membranaceous, whilst the others are in a semi-cartila- 
ginous condition. Notochord persistent, but with a superficial 
indication of vertebral segments. 



; One specimen only of this most remarkable foriji is 
known ; it is 5 J inches long, and was obtained at a depth of 
:1400 fathoms south of New Guinea. 
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Of the remaining genera belonging to this group, Brof.u-- 
loj^hiSy J£c(li(I('S))ivs, Bmcmaf iclifhifs, and JlythUis are surface 
forms; Sircmho and rteridinm inlia])it moderate depths; 
RhiiionuH is a deep-sea iish. 

II. Ventral Jins rephurd hij (( jnnr (J hijid Jllam(*nti> 
(J)aThels) inserted heton' the f/tosso-h ijat : ( )ril 1 1 )l l N A. 

Ophidium. — liody elongate, compressed, coveaed witli very 
small scales. Eye of mod(‘rate size. All the ieeth small. 

Small fishes IVom the Atlantic and Eacilic. Sc'vaai species 
are known, ditlering from one another in the structure* of the 
air-bladder (sea*- ]). 145). 

Genypteiu s is a largea* form of Ophidiiini, in which the 
outer series of te(‘th in the jaws and tlu^ single ])alatine series 
contains strong teeth. 

Three species I'rom the* Cap(‘ ol* Good lIo])e, South 
Australia, New Zealand, and Chili am known. They grow to 
a length of live* h‘et, and have an excellent lh*sh, likfi cod, 
well ada])ted tor curing. At the Cape, they an* known by the 
name of “ Kli])visch,” and in Nenv Zealand as “ la’ng’^ or 
‘‘ Cloudy Bay Cod.” 

ITT. Ac re nival jins viujterer rent (d, thr tJrnnd: FliniAS- 
FERINA. 

These fishes {Fierasfer \ua\ Vnehet dt/fhls) ani of very small 
size and eel-like in shape*.; the ten .s]K‘cies known are found 
in the Alediterraiiean, Atlantie', and I ndo- Pacific. As far as 
is known they live parasitically in c.aviti(*s of other marine 
animals, accompany IMedusa*, and morei es])(ici{dly penetrate 
into the respiratory cavities ol’ Star-fishes and llolothurians. 
Not rarely they attempt otlie^ animals less suited for their 
habits, as, for instance, Bivalves ; and cases are known in 
wbich they have been found imprisoned below the mantle of 
the Mollusk, or covered over with a layer of the pearly sub- ;, 
stance secreted by it. They are perfectly harmless to their > 
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host, and merely seek for themselves a safe habitation, feeding 
on the animalcules which enter with the water the cavity 
inhabited by them. 

IV. iVo ventral Jins whatever ; vent remote from the head ; 
y ill-openings very wide, the yill’7)ieml)ra7ies 7iot being united : 
Ammodytina. 

The Sand-eels ” or “ Launces ’’ {Ammodytes) are ex- 
tremely common on sandy shores of Europe and North 
America. They live in large shoals, rising as with one accord 
to the surface, or diving to the bottom, where they bury them- 
selves with incredible rapidity in the sand. They are much 
sought after for bait by fishermen, who discover their pre- 
sence on the surface by watching the action of Porpoises 
which feed on them. Tliese Cetaceans, when they meet with 
a shoal, know how to keep it on the surface by diving below 
and swimming round it, thus destroying huge numbers of 
them. The most common species on the British coast is the 
Lesser Sand-eel {A, tobianus)) the Greater Sand-eel {A. 
lanceolatus), which attains to a length of eighteen inches ; A, 
siculiis, from the Mediterranean, scarcer in British seas. Two 
species live on the American coasts. A, america7ius and A, 
dubius ; one in California, A, personatus, Bleekeria from 
Madras is the second genus of this group. 

V. No ventral Jins whatever ; vent remote from the head ; 



Fig. 253. — Congr^gadus siibducens. 

jpU-openiTigs of moderate width, the gill-membranes bemg united 
the throat, not attached to the isthmus : CONGROGADINA 
two fishes belong to this gro^p — Congrogadus from 
coasts, and Haliophis from the Eed Sea. 
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Fourth Family— Machuridj;. 

Body terniinatiny in a long, comprcssnl, tapering tail, 



Fig. 254. — Scale of Macrnriis 
trachyrhynclms. 



Fig. 256. — Scale from the lateral line of Macruriis aiistraliit. 


covered with spiny y keeled, cn' striated scales. One short 
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rior dorsal ; the second very lony, continued to the end of the 
tail, and com'posed of very feehle rays ; anal of an extent similar 
to that of the second dorsal ; no caudal. Ventral fins thoracic 
or jityidar, composed of several rays. 

This family, known a few years ago from a limited number 
of examples, representing a few species only, proves to be one 
which is distributed over all oceans, occurring in considerable 
variety and great abundance at depths of from 120 to 2 GOO 
fathoms. They are, in fact. Deep-sea Gadoids, much resemb- 
ling each other in the general shape of tlieir body, but differ- 
ing ill tlie form of the snout and in the structure of their 
scales. About forty species are known, of which many attain 
a length of three feet. They have been referred to the fol- 
lowing genera : — 


1 


Fig. ‘257. — Macrurus australis. 

Macrurus. — Scales of moderate size ; snout produced, 
conical ; mouth inferior. 

CORYPH/ENOIDES. — Scales of moderate size \ snout obtuse, 
obliquely truncated ; cleft of the mouth lateral. 

Maoruronus. — Scales of moderate size, spiny; snout pointed; 
Anouth anterior and lateral, with the lower jaw projecting. 

■ . Malacocephalus. — Scales very small, ctenoid ; snout short, 
. .obtuse, obliquely truncated. 

: ' ' BatHYGADUS. — S cales small, cycloid ;• snout not projecting 
; beyond the mouth ; mouth wide, anterior, and lateral. 



FLAT-FISIIKS. 


Atelcopus from flapan ami A^auxrpJud us from New Ire- 
land are genera belonging t() tlie Gadoid Anacanths, but are 
very imperfectly known. 


Second 1 )ivision — Ax acantiiini I’LKuie »x ictoidki. 

Ilcxtd and jxtrf oj tJir hody i> nsi/nnin l ricall if fnrnird, 

Tliis division consists oi‘ one 1‘ainily only : 

rLi:ri:oxK('TncK. 

Tlie fislies of this i‘a,mily ai'e callcMl blat-lisla-s,” IVom tluiir 
strongly compressed, high, and ilatbody; in conscipuaiev oTtlK'. 
absence of an aird)ladd(‘r, and ot th(‘ s(riie(ur{‘ ol‘ (lioir jtaired 
tins, tliey are unable to maintain Ibcirbody in a viatical })osi- 
tion, resting and moving on om*, sidi'-ottlio body only. The side 
turned towards tlui l)ottom Ts sometimes the liTt, sometimes 
the riglit, colourless, and t(a‘ni(*d the ‘Milind ” sidi^ ; tliat 
turned upwards and towai’ds tin* light is vaiionsly, and in 
some tro2)ical species eviai vividly, coloured. Doth eyi's are 
on the coloured side, on which sidi* also the miiseles ai*(; more 
strongly develojied. 1he dorsal and anal tins aiv.exi’eedingly 
long, without division. All tin; Tdat-lishcs iimhago rianark- 
able changes with agv, which, howevia*, ant viay impmtectly 
known and not yet tully umhastood, Irom thii ditliculty ot 
referring larval forms to tlua'r resja'ctive jiarents. The larvie 
are, singularly eiiough, inuch iiiore friMpnaitly met in tlie open 
ocean than near the coast; they are transjiariait, like J^epto- 
cephali ; pierfectly symmetrical, with an eye on each side ot 
the head, and swim in a. vertical ]»osition like other fislies. 
The manner in whicli one eye is transferred from the blind 
to tlie coloured side is subject to discussion. Wliilst some 
naturalists believe that the eye turning round its axis pushes 
its way through the yielding bones from the blind to the 



554 


FISHES. 


upper side, others hold that, as soon as the body of the fish 
commences to rest on one side only, the eye of that side, in 
its tendency to turn towards the light, carries the surround- 
ing parts of the head with it ; in fact, the whole of the fore- , 
part of the head is twisted towards the coloured side, which is 
a process of but little difficulty as long as the framework of 
the head is still cartilaginous. 

Flat-fishes when adult live always on the bottom, and 
swim with an undulating motion of their body. Sometimes 
they rise to the surface ; they prefer sandy bottom, and do 
not descend to any considerable depth. They occur in all 
seas, except in the highest latitudes and on rocky, precipi- 
tous coasts, becoming most numerous towards the equator; 
those of the largest size occur in the temperate zone. Some 
enter fresh water freely, and others have become entirely 
acclimatised in ponds and rivers. All are carnivorous. 

Flat-fishes were not abundant in the tertiary epoch ; the 
only representative known is a species of llhomhits from 
Monte Bolca. 

The size and abundance of Flat-fishes, and the flavour of 
the flesh of the majority of the species, render this family one 
of the most useful to man ; and especially on the coasts of 
the northern temperate zone, their capture is one of the most 
important sources of profit to the fishermen. 

PSETTODES. — Mouth very wide, the maxillary being more ' 
than one-half of that of the head. Each jaw armed with two 
series of long, slender, curved, distant teeth, the front teeth of 
the inner series of the lower jaw being the longest, and received 
in a groove before the vomer ; vomerine and palatine teeth. 

: The dorsal fin commences on the nape of the neck. 

This genus fitly heads the list of Flat-fishes, having 
; retained more of symmetrical stru6ture than the other mem- 
of the family, and, therefore, their eyes are as often found 
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frequently, in a vertical position. Only one species is known, 
Ps. erumei, common in the Indian Ocean. 

Hippoglossus. — Eyes on the right side; mouth wide, the 
length of the maxillary being one-third of that of the head. 
Teeth in the upper jaw in a double series ; the anterior pf the 
upper jaw and the lateral of the lower strong. The dorsal fin 
commences above the eye. 

The “Holibut” {H. vulgaris) is the largest of all Flat- 
fishes, attaining to a length of five and six feet, and a weight 
of several hundredweights. It is found along the northern 
' coasts of Europe, on tlie coasts of Kamtscliatka and Cali- 
fornia, particularly frequenting banks situated at some 
distance from the coast, and at a depth of 50 to 120 fatlioms. 

Other genera, witli nearly syninietrical jnoutli, in wliicJi 
the dorsal fin commences above the eye, are Hipjwglossoides 
(the ^^’Eough Dab '’) and TejdiriHs, 

Bhombus. — Eyes on the left side. Mouth wide, the length 
of the maxillary being more than one-third of that of the 
head. Each jaw witli a liand of villiform te(*th, without canines ; 
vomerine teeth, none on the palatines. The dorsal lin com- 
mences on the snout. Scales none or small. 

Seven species I’roni the North Atlantic and ]\T(^dit(‘rranean, 
of which the most noteworthy are the “ Tiirhot ,” 7///. vut.rwms, 
|one of the most valued fijod-fishes, and growing to a length 
hf three feet.; the “Turbot of the IJlack Se.a,” Jih. mavf.icm, 
Ihe body of which is covered with bony, conical tubercles, 
phich are as large as the eye; the “Frill,” llh. lam.% repre- 
sented on the North American cioasts liy Ph. atiuosus ; the 
“Whifi‘,” “Mary-sole,” or “ 8ail-lluke,” lih. incgastoma ; 
“Bloch's Top-knot,” lih. imndai^is (described by Yarrell as 
PK hirtus, and often confounded with the following species). 

PftRYNORHOMBUS, differing ivom FJujmhus in lacking vomer- 
ine teeth. The scales are very small and spiny. 

The “ Top-knot " {Ph. unimaculatus) occurs occasionalljl^; 
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on tlie south coast of England, and is more common in tll>^ 
Mediterranean ; it is a small species. 

Arnoglossus. — Moutli wide, the length of the maxillary 
being more or not much less than one-third of that of the head. 
Teeth minute, in a single series in both jaws ; vomerine or 
palatine teeth none. The dorsal fin commences on the snout. 
Scales of moderate size, deciduous ; lateral line with a strong 
curve above the pectoral. Eyes on the left side. 

Seven species from European and Indian Seas. The 
Scald-fish” (A. latcrna) is common in the Mediterranean, and 
extends to the south coast oi Englan^l ; it is a small species. 

PsEUDORTloiviBUS. — Moutli wide, the length of the maxillary 
being more than oiie-third of that of the head. Teeth in both 
jaws in a single series, of unecpial size ; vomerine or palatine teeth 
none. 'The dorsal fin commences on the snout. Scales small ^ 
lateral line vdtl^'a strong curve anteriorly. Eyes on the left side. 
Interorbital space not concave. 

A tropical genus with a few outlying species, represented 
chiefly in the Indo-Pacific, and also in the Atlantic. Seven- 
teen species. 

Ehomboidichthys. — Mouth of moderate width or small. 
Teeth minute, in a single or double scuies ; vomerine or palatine 
teeth none. J^yes separated by a concave more or less broad 
space. The dorsal fin commences on the snout. Scales ciliated ; 
latt/ral line with a strong curve anteriorly. Eyes on the left side. 

A tropical genus, but also represented in the Mediterranean 
and on the coast of Japan. Sixteen species, the majority of 
which are prettily coloured and ornamented with ocellated 
spots ; in some species the adult males have some of the fin- 
■ rays prolonged into filaments. 

Other genera with nearly symmetrical mouth, in which 
the* dorsal fin commences before the eye, on the snout, are 
Oitharus, Anticithariis, Bmchypleura, Samaris, Psettiehthys, 
.Gith^rwhthys, Hemirhomlus, Faralichthys, JAopsetta, 
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Pleuronectes. — Cleft of the mouth narrow, with the denti- 
n much more developed on the blind side than on the coloured, 
eth in a single or in a double series, of moderate size ; palatine 
i vomerine teeth none. Tlie dorsal fin commences above the 
B. Scales very small or entirely absent. Eyes generally on 
3 right side. 

This genus is characteristic of the littoral fauna of the 
irtheni temperate zone, a tew species ranging to tlie Arctic 
:cle. Twenty-three species are known,/ f which the M- 
wing are tlie most noteworthy: P. '/ Ucssa, the “ I'laice,” 
nging from the coast of France to fcidand ; P. (jlacmliSy 
Bm the Arctic coasts of tSTortli America; J\ nmcrimnns, the 
insatlantic representative of the Plaice ; ]\ limanihi, the 
ininon “Dab;” P. microcepJudvSy the “Smear-dab;” P. 
nofjlossus, the “ Craig-Hukc ;” F. Jlesm, tlie “ Flounder.” 

Ehomuosolea. — E yes on the right side, the lower in advance 
the upper. Mouth narrower on the right side than on the 
ft; teeth on the blind side only, villiform ; palatine and 
imerine teeth none. The dorsal fin commences on the fore- 
ost part of the sntut. Only one ventral wliich is continuous 
ith the anal. Scales very small, cycloid ; lateral line straight. 

This genus represents Flm/rouixtcs in the Southern Hemi- 
diere, but consists of three sjiecies only, which occur on the 
lasts of New Zealand, and are valued as food-fishes. 

Other genera, with narrow unsymmetrical mouth, in which 
le upper eye is not in advance of the lower, and which have 
ectoral fins, are Pamphrys, PsammodiscK^, Ammotniis, Pel- 
^ThctnipliuSj NeiTicitoj^Sj Losops, and Poccilopsettct, 

SoLEA. — Eyes on the right side, the upper being more or less 
L advance of the lower. Cleft of the mouth narrow, 'twisted 
)und to the left side. Villiform iteeth on the blind side only ; 
omerine or palatine teeth none. The dorsal fin commences on 
le §pout, and is noji confluent with the caudal. Scales very 
nail, ctenoid ; lateral line straight. 

^ “ Soles ” are numerously represented in all suitable locali- 
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ties within the temperate and tropical zones, with the excep- 
tion of the southern parts of the southern temperate zone, in 
which they are absent. Some enter or live in fresh water. 
Nearly forty species are known. British are S. vulgaris, the 
common “ Sole S. aurantiaca, the “ Lemon-sole,” which is 
rather a southern species, and inhabits, on the south coast of 
England, deeper water than the common Sole ; S. variegata, 
the'" “Banded Sole,” with very small pectoral fins; and 8. 
mmtfto, the “Dwarf-Sole.”- Allied to Solea are Pardachirus 
and Liachirus from the Indian coasts. 

Synaptura.— Eyes on the right side, the upper in advance of 
the lower. Cleft of the mouth narrow, twisted round to the left 
side ; minute teeth on the left side only. Vertical fins confluent. 
Scales small, ctenoid ; lateral line straight. 

Twenty species; with the exception of two from the 
Mediterranean and coast of 1‘ortugal, all belong to the fauna 
of the Indian Ocean.— Closely allied is Aesopia. 

GymNACHIRUS. — Mouth very small, toothless. Scales none, 
lateral line straight. Eyes on the right sMe. The dorsal fin 
commences on the snout ; caudal free. Pectorals rudimentary or 
entirely absent. 

Two species from the Tropical Atlantic. 

Cynoglossus. — Eyes on the left side; pectorals none; ver- 
tical fins confluent. Scales ctenoid; lateral line on the left, 
side double or triple ; upper part of the snout produced back- 
wards into a hook ; mouth unsymmetrical, rather narrow. 
Teeth minute, on the right side only. 

Abundant in the Indian seas, and especially on the flat 
sandy shores of China. About thirty-five species are, known, 

. which rarely exceed a length of eighteen inches. They are . 
/ .e^ily recognised by their long narrow shape (which has 
compared to a dog’s tongue) and the peculiar for^i of 
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tve to be mentioned : Soleotalpa and Apionichthys, Soles 
ith rudimentary eyes ; AmmopUurops, Aplwristia, and 
which are closely allied to the latter 

aius having the lips provided with tentacles. 


FOURTH ORDER — PIIYSOSTOMI.. 

All the jin-rays articidated, only the jirst of the dorsal and 
ectoral Jins is sometimes ossified. Ventral Jins, ij present, 
hdominal, withonl spine. Air-hladder, if present, toith apnen- 
\atic duct {except in Scombresocidee). 

FIKST F ami LY — S iLURIDyE. 

Shin naked or with osseous scutes, hut ‘without scales. 
Barbels always present; maxAllary bone riulwmdary, almost 
%lways forming a support to a maxillary barbel. Margin of 
tU tipper jaw formed by the intermaxUlaries only. Suhoper- 
mlum absent. Air-bladder generally present, emnmuwveating 
with the organ of hearing by means of tU auditmy ossicles. 

Adipose Jl'n present or absent. _ 

A large family, represented by numerous genera, which 
exhibit a great variety of form and structure of the fins ; they 
inhabit the fresh waters of all the temperate and tropical 
re'dons; a few enter the sea hut keep near the coast. The 
first appearance of Siluroids is indicated by some fossil remains 
in tertiary deposits of the highlands of Padang in Sumatra, 
where Pseudeutropius and Bagarius, types weU represented in 
the livinf' Indian fauna, have been found. ■ Also in North 
■America°spines referable to Caf-fishes have been found in 
tertiary formations. 

The skeleton of the typical Sduroids shows many peculia- 
rities. The cranial cavity is not membranous on the sidesi 
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but closed as in the Cypriiikte, by the orbitosphenoids and 
the ethmoid that unite with the pre-frontals, carrying forward 
the cranial cavity to the nasal bone, without leaving a mem- 
branous septum between the orbits. But the supraoccipital 
is greatly developed, and in many the post-temporal is united 
by suture to the sides of the cranium. In numerous members 
of the family the skull is enlarged posteriorly, by dermal 
ossifications, to form a kind of helmet which spreads over the 
nape ; the lateral angles of this production are formed by the 
suprascapukc, augmented and fixed by suture, and the median 
part is the extension of tlie supraoccipital, which is generally 
very large, is connected anteriorly witli the frontal, and pass- 
ing backwards between the post-frontals, the parietals, the 
mastoids, and the suprascapuhe, goes past them all on to the 
nape. Tlic mastoids interpose ],)etween the post-frontals and 
the parietals, so as to come in coutaxit with the supraoccipital, 
and the parietals 1:)ut little developed are pressed to the back 
part of the cranium, and in some instances wholly disappear. 

The suprascapula most fre(pie]itly unites to the mastoid 
l)y an immovalde suture, which includes the parietal when 
that bone is present, and extends even to the supraoccipital. 
It gives out besides two processes, one of them resting on the 
exoccipital and basioccipital, or wedging itself between them, 
and the other going to the first vertebra ; sometimes a plate 
from the exoccipital supports the same vertebra. This verte- 
bra, though it presents a j)retty continuous centrum beneath, 
is in reality composed of three or four coalescent vertebrae, as 
we ascertain by its diapophyses, by the circular elevations of 
the neural canal, and by the holes for the exit of the pairs of , 
spinal nerves. There is great variety in the development of 
the various processes of the bones we have mentioned, and 
tliere is no less in the magnitude and connections of the first 
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spine the second and third interneiirals unite to form a single 
plate, the “buckler;” the great spine is articulated to the 
third interneural, and tliere is only the vestige of a spine on 
the second interneural in form of a small o\'al l)one, forked 
below, wliose function is to act as a bolt or fulcrum to the 
great spine when the fisli wishes to use it as an offensive 
weapon. The great spine itself is joiiied l)y a ring to a 
second spine, which belongs to tlie tliird interneural. This 
articulation by ring exists in Lopliius and a ftiw otlier fishes 
not of this family. 

The first interneural does not carry a ray, and it varies 
much in the species whose helmet is continuous with the 
buckler, as in many of tlie Bagri and bimelodi. In these 
cases the supraoccipital, extending backwards, conceals the 
first interneural, passing over it to touch with its point the 
buckler formed by the second and third interneiirals. In 
other instances, as in Synodontis and Auchenij^terus, the supra- 
occipital and second interneural, forking and expanding, in- 
close and join themselves to the first interneural, but leave 
a larger or smaller space in the middle of tlie nuchal armour 
Avhich they contribute to form. When the point of the supra- 
occipital does not reacli quite to the second interneural, the 
first interneural remains free from connection, and occasion- 
ally shows as a narrow plate interjiosed between the other 
two ; in such a case the helmet is not continuous with the 
buckler. 

The neural spines of the coalescent centra, which form the 
apparently single first vertebra, concur also in sustaining the 
nuchal plate-armour and the first great dorsal spine. They 
carry the interneiirals, are joined to them by suture, and one 
of them is often inclined towards the occiput to assist in sus- 
taining the head ; in fact, this part of the skeleton is con- 
structed to give firm mutual support. 

r\-F flm Siln-rrkirlo la olork "rArmprl CflVP. 
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resistance to the strong weapon with which it is frequently 
armed. The post-temporal, as we have said above, is often 
united by suture to the cranium, and it obtains support below 
by one or two processes that are fixed on the basioccipitals 
and on the diapophysis of the llrst vertebra. 

In most osseous fishes tlie clavicle completes the lower 
key of the scapular arcli in joining its fellow by suture or 
synchondrosis without the intervention of the coracoid ; but 
in the Siluroids the coracoid descends to take part in this 
joint, and sometimes even to occupy the liall; of the suture, 
which is not unfrequently constructed of very deep inter- 
locking serratures. The solidity of tliis base of the pectoral 
spine is further augmented by the intimate union of the 
coracoid and scapula, which often extends to junction by 
suture, or even to coalescence ; and these bones, moreover, 
give off two bony arches — the first a slender one, arising from 
the salient edge of the coracoid near the pectoral fin, and 
going to the interior face of the scapular that is applied to 
the interior surface of the ascending branch of the clavicle ; 
the second and broader supjilementary arch is often perforated 
by a large hole ; it also emanates from the same salient edge 
of the radius, but proceeds in opposite direction to the inferior 
edge of the clavicle, a little before the insertion of the pectoral 
spine. The two arches give attachments to the muscles that 
move this spine ; in the Synodontes and many Bagri the 
upper arch remains in a cartilaginous or ligamentous condi- 
tion, while in Malapterurus it is the lower arch that does not 
ossify, but both are fully formed in the Siluri and many other 
Siluroids more closely allied to that typical genus. The 
post-clavicle is also wanting jin the Siluroids. The pterygoid 
and entopterygoid are reduced to a single bone, the symplectic 
is wholly wanting, and the palatine is merely a slender cylin- 
drical bone. The sub-operculum is likewise constantly absent 
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The great number of different generic types has necessi- 
tated a further division of this family into eight subdivisions : 

I. SlLUaiD^E IIoMALOlTERyE. — The doTsal and anal fins are 
very long, nearly equal in cHcnt to the corresimiding parts of 
the vertebral column. 

a . Ctakiina. 

Clartas. — Dorsal fiii extending from the neck to the caudal, 
without adipose division. Cleft of the mouth transverse, 
anterior, of mqderate widtli ; barbels eight ; one pair of nasal, 
one of maxillary, and two ])airs of mandil^ulary barbels. Eyes 
small. Head depressed ; its iij)per and lateral parts are osseous, 
or covered with only a very tliin skin. A (hmdritic accessory 
branchial organ is attaelu'd to the convex side of tho second and 
fourth branchial arches, and received in a cavity behind the gill- 
cavity j)roper. Yentrals six-rayed ; only the pectoral has a 
pungent spine. Body eel-like. 

Twenty s])ecies’ from Africa, the East Indies, and the inter- 
mediate parts of Asia ; some attain to a length of six feet. 
They inhabit muddy and 'marshy waters ; the pliysiological 
function of the accessory branchial organ is not known. Its 
skeleton is formed l)y a soft cartihiginoiis sn1)stancc covered 
by mucous menibrane, in which the vessels ai'(i imbedded. 
The vessels arise frojii branchial arteries, and retuim the blood 
into branchial veins. The vernacular name of the Nilotic 
species is “ Carmoot.” 

Heterobranchus differs from Chirms only in the structure 
of the dorsal fin, the posterior portion of which is adipose. 

The geographical range of this genus is not quite co- 
extensive with that of Clarias, inasmuch as it is limited to 
Africa and the East-Indiaii Arclnpelago. Six species. 

b. Plotosina. 

PpLOTOSUS. — A short dorsal fin in front, with a pungent 
•spine; a second long dorsal coalesces with, the caudal and anal. 
Vomerine teeth molar-like. Barbels eight or ten; one immedi- 
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ately before the posterior nostril, which is remote * from the 



Fig. 258. — T^loutli of Cuidoglaiiis incgastoiiui, Australia. 

anterior, the lattiir being quite in front oi the snout. Cleft of 
the mouth transverse^ Eyes small. The gill-membranes are not 
confluent with the skin of the isthmus. Ventral fins inany- 
rayed. Head depressed ; body elongate. 

Three species are known from ])rackisli waters of the 
Indian Ocean Ifeely enteiring the sea. Flotosiis amiidllaris is 
distinguished l)y two white longitudinal bands, and is one of 
tlie most generally distributed and common Indian fishes. — 



Fig. 259. — Cuidoglaiiis microcephalus. 

Copidoglanis and Cnidoglanis are two very closely allied forms, 
chiefly from rivers and brackish waters of Australia. JSTone 
of these Siluroids attain to a considerable size. Chaca, from 
the East Indies, belongs likewise to this sub-family. 
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II. SiLURlDyE HETEROPTEKiE. — Tlic myccl dovsal fin is 
very little develo2oeci, and, if it is present, it helongs to the 
abdominal portion of the vertebral colioit/n; the adipose fin is 
exceedingly small or ahscnt. The extent of the anal is not 
mneJh inferior to that of the eaudcd vertehral eoluvm. The 
gill-membranes overlap the isthmus, remaining more or less 
separate : SlLURlNA. 

SaccobranciiUS. — Adipose fin none ; dorsal very short, 
without pungent spine, placed above tlie ventrals. Cleft of the 
mouth transverse, anterior, of moderate width ; barbels eight. 
Eyes rather small. Tlic upper and lateral parts of the head 
osseous ^ . covered with a very thin skin. Gill-cavity with an 
accessory posterior sac, extending backwards l)ctween the muscles 
along each side of the abdominal and caudal portions of the 
vertebral column. Ventrals six-rayed. 

Small lislies from East Indian rivers; four species arc 
known. The lung-like extemsion of the brancliial cavity 
receives water, and is surrounded by contractile transverse 
muscular fibres by which the watiu* is expelled at intervals. 
The vessels of the sac take their origin in the last liranchial 
artery, and pass into tlie aorta. 

SiLURUS. — No adipose lin ; one very short dorsal, without 
pungent spine. Barbels four or six, one to each maxillary, and 
one or two to each mandible. Nostrils remote from each other. 
Head and body covered with soft skin. Ihe eye is situated 
above the level of the angle of the mouth. The dorsal fin is 
anterior to the ventrals which are composed of more than eight 
rays. Caudal rounded. 

This genus, of which five species are known, inhabits 
* the temperate parts of Europe and Asia. The species which 
has given the name to the wMe family, is the “Weis” of 
the Germans, Silurns glanis. It is found in the fresh waters 
east» of the Ehine, and is, besides the Sturgeons, the largest 
of European Freshwater-fishes, and the only species of this 
family which occurs in Europe. Barbels six. It attains to 
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a weight of 300 or 400 lbs., and the flesh, especially of 
smaller specimens, is firm, flaky, and well flavoured. Aris- 



Fig. 2G0.—The “Weis,” Siluris glaiiis. 

totle described it under the name of Glanis. Its former 
occurrence in Scotland has justly been denied. In China it 
is represented hy a similar s])ecies, S. asoius^ which, however, 
has four barbels only. 

This sub - family is well reiiresentcd hj viirious other 
genera in t/lie fresh waters of tlie African as well as Indian 
region, i^rican genera are ScJiilhc and IJaf/mpivs ; East 
Indian : ^ihcrichiJujs, Wallago, Iklodont/id^^^^ Evf/roiyiidithys, 
Cry'pto'pUi^LS, Callicliroits, Heymisilurus, Eilurayiodon, Ailia, 
SchilbichihySy Zais, rseudcidrojniis, rcmyasiiis, Ilclicopliayus, 
and Silo7idia. 

III. SiLURiD.E ANOMALOPTEmE. — Dorsal and adip)ose fins 
very shorty the former helonging to the eandal vertebral column ; 
anal very long. Ventrals in front of the doi'saL Gill- 

. membranes entirely segiarate, overlapping tlu isthmus: (Hy- 
‘ POPHTHALMINA. 

Hypophthalmus. — Dorsak fin with seven rays, the first of 
which is slightly spinous. The lower jaw is rather the longer. 
Barbels six, those of the mandible long. No teeth ; i^ter- 
maxillaries very feeble. Head covered with skin. Eye of mode- 
V.rate . size, situated behind and below the angle of the mouth. 
: Ventrals small, six-rayed. 
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Four species from tropical America. Tlie second gemis 
of this sub-family is Ildogencs from tlie Essecpiiho. 

IV. SlLURlD^: PliOTEROiTEKyr:. — Tlic rayed dorsal fin is 
ahoays jn'csent^ short, 'With not in ore thc^ / t axi re short rays, 
and helongs to the abdom inal jiortion of the rertebral column, 
being 'placed ingidrance of the venf rals. The adipose jin is always 
present and 'well developed, although freejueutly short. The 
extent of the anal is 'inuch inferior to that of the canded verte- 
bral colunin. The gill-membranes are not conjltient until the 
shin of the isthmus, theb- posterior margin ahrays remieiming 
free cvexi 'if they are ‘anited. 'with eaeh other. Whenever the 
nasal barbel is grrcsent it belongs to the 'posterior nostril. 


a. BacuinA. 

Bacjius. — Adipose iin long ; a short dorsal ^vith a pungent 
spine and nine or ten soft rays ; anal fin sliorb, with h^ss than 
twenty ra5^s. Bar])els (‘ight. Tlie anterior and postmior nostrils 
are remote from each otlnn*, the posterior lieing jirovided with a 
barbel. Teeth on the palate in a continuous liand. J'^yes with 
a free orbital margin. Caudal forked ; veiitrals six-rayed. 

This genus consists of two species only, common in the 
Nile, viz. the ^^Bayad,” JL bayad, and Jl docmac. Both grow 
to a large size, exceeding a Icngtli ol five feet, and are eaten. 
Chrysichthys and Cla'rotes are two oth(*r Silni'oid genera from 
African rivers, closely allied to Bagrus. Similar Siluroids are 
common in the East Indies, and have been relerred to the 
following genera : Maeroncs, Fscudobagrus, Lioeassis, Bagroides, 
Bagrichthys, Bit a, Acroelwrdonichthys, Ahysis. 

b. Amiurina, 

Amixjrtts. — Adipose fin of moderate length ; a short dorsal 
wTth a pungent spine and six soft rays ; anal fin of moderate 
length. Barbels eight. The anterior and posterior nostrils are 
remote from each other, the posterior being provided with a bar- 



3el. Palate edentulous. Head covered with skin above. Ven- 
:rals eight-rayed. 

The “Cat-fishes” of North America, of which about a 
iozen different species are known. One species occurs in 
China. Allied, but smaller forms are Ho^dadelus mid Notu- 
nis, likewise from North America. 

C. PiMELODINA. 

Platystoma. — Adipose fin of moderate length ; a short dor- 
sal fin with a pungent spine and six or seven soft rays ; anal fin 
rather short. Snout very long, spatnlate, with tlie upper jaw 
more or less projecting ; tlie upper surface of the head not 
covered by the skin. Barbels six ; the anterior and posterior 
nostrils remote from each other, none witli a l)arbel. Palate 
toothed. Caudal forked ; ventrals six-rayed, inserted behind 
the dorsal. 

Twelve species from South America, some attaining a 
length of six feet, the maj'ority being ornamented with deep- 
black spots or bands. Allied genera from Soutli America, 
likewise distinguished by a long s])atulate snout, are Sonihini, 
Ilemisoruhim^ and IHaiysioraali^^ wdiilst Idiractoceplialus^ 
Piramutmia, Idatynematiidithys, Firatinga^ Bagrogfds, and 
Sciadcs,\vii\(i a snout of ordinary length. The barbels of some 
are of extraordinary length, and not rarely dilated and 
bandlike. 

PiMELODUS. — Adipose fin well developed ; dorsal fin short, 
with a more or less pungent spine and six rays ; anal fin short. 
Barbels six, cylindrical or sliglitly compressed, none of them 
belonging to either of the nostrils, which are remote from each 
other. Palate edentulous. Ventrals six- rayed, inserted behind 
the dorsal. 

Of all South American genera this is represented by the 
greatest number of species, more than forty being w«ll 
characterised ; they differ chiefly with regard to the length of 
the adipose fin and barbels, and the strength of the dorsal 



spine. Singularly, two species (P.platychir and P.lxilcvyi)y 
are found in West Africa. The niajority are of hut moderate 
size and plain coloratio;!.— Allied South American genera (also 
without teeth on the palate), are lHnnampn,% Coiiorhynclim, 
Notoglanis, Callopliys ux, LopJi io^ il n r us. 

AuchenOGL4NIS. — Adipose fill rather long, dorsal short, witli 
a pungent spine and seven rays ; anal short. Snout produced, 
pointed, with narrow mouth. Barbels siv, none of which belongs 
to either of the nostrils, which are remote from each other. The 
teeth of each jaw form a pair of small elli})tic patclies Avliich are 
longer than broad ; palate ediuitulous. Eyes of moderate size. 
Yentrals six-rayed. 

One species, Au. Mscutaius, from the Nile, Senegal, and 
other West African rivers. 

(I Auiina. 

Akius. — A dipose fin of moderate length or short , a short 
dorsal fin with a pungent spine and sev(;n soft ray.s ; anal fin 
rather short. Head osseous above ; barbels si.x, four at the 
mandible, none at either of the nostrils which ar(! close togetlicr. 
Eyes with a free orbital margin. Caudal fin fork(;d ; veiitrals 
six-rayed, behind tlie dorsal. 

Of all Siluroid genera tlii.s has the greatest number ot 
species (about seventy), and the vvid(ist distribution, being 
represented in almost all tropical countries which are drained 
by largo rivei's ; some of the species preler brackish to Iresh 
watciYnd a few enter the sea, but keep near to the coast. 
Some of the species are of small size, whilst others exceed a 
length of five feet. The e.xtent of the armature of the neck 
and the dentition vary ‘much in the different species, and 
affords two of the principal charticters by which the species 
are separated.— The following genera are allied to Arius, 
GalAchtliysimm South Africa ; Genidens and Paradiplomystax 
from Brazil ; Diplomystcuc from Chile ; AeluricUhys from 
Central and South America ; Hemipimelodus, Ketewjus, Osteo- 
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geniosm, and Batraphoceplialus from tlie East Indies; and 
Atopochilus from West Africa. 






e. Bagariina. 

Bagarius. — Adipose fin rather short ; a short dorsal with 
one spine and six rays ; anal fin of moderate length. Barbels 
eight, of which one pair stands between the anterior and posterior 
nostrils which are close together. Head naked above. Caudal 
fin. deeply forked ; ventrals rays six. Thorax without longitu- 
dinal plaits of the skin. 
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A large Siluroid [B, hagarius) from rivers of India and 
Java; exceeding a length of six feet. 

Etjglyptosternum. — Adipose tin of moderate length ; a sliort 
dorsal with a pungent spine and six rays ; anal fin short. Bar- 
bels eight, of which one pair is placed betw(‘cn the anterior and 



posterior nostrils which are close together. Teeth on the palate 
villiform, in two separate patches. Eyes small, below the skin. 
Caudal forked ; ventral rays six. Pectorals horizontal, with a 
thoracic adhesive apparatus between, which is formed by longitu- 
dinal plaits of the skin. 

This hsh {Bu. coum) inhabits the river Coic in Syria, and 
is about twelve inches long. ‘The plaited structure on the 
thorax probably increases the capability of the fish of main- 
taifiing its position in the rapid current of the stream, a func- 
tion which appears to be chiefly performed by the horizontally 
expanded pectoral fins. A similar structure is found in 
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Gly^ptosternuni, a genus ^Represented by eight species in moun- 
tain streams of the East Indies, and differing from the Syrian 
species in lacking the teeth on the palate. 

V. SiLUKiD^i; STENOBRANOiTiyE. — Tlic rayed dorsal fin is 
short, if present, helonging to the ahdo m inal portion of the verte- 
bral column, the ventrals being inserted bcdiini it {except in 
Rhinoglanis), The gill-membranes are confluent ivith the shin 
of the 'isthmns. 

a. Doradina. 

Some of the genera have no })ony shields along the lateral 
line, and a small adipose iin or none whatever ; all of these 
are South American — Ageniosus, Tetranematichthys, Enane- 
mns, Auchenipterus, Gla/nidiiini, Centromoehlus, Trachelyopterns, 
Cetopsis, and Astrophysus. 

Others have a series of bony scutes along the middle of 
the side ; they form the genus Doras with two closely allied 
forms, Oxydoras and lihinodoras. Some twenty-five species 
are known, all from rivers of tropical America, il owing into 
the Atlantic. These fislies have excited attention by their 
habit of travelling, during tlie dry season, from a piece of water 
about to dry up, in quest ol a pond of greater capacity. 
These journeys are occasionally of such a length that the 
fish spends whole nights on the way, and the bands of 
scaly travellers are sometimes so large that tlio Indians who 
happen to meet them, fill many baskets of the prey thus 
placed in their hands. The Indians supposed that the fish 
cany a supply ol water with tliem, but they have no special 
organs, and can only do so by closing tlie gill-openings, or by 
retaining a little water bctweefi the plates of their bodies, as 
Hancock supposes. I he same naturalist adds that they make 
regular nests, in which they cover up their eggs with c<lre 
and defend them, male and female uniting in this parental 
duty until the eggs are hatched. The nest is constructed at 
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the beginning of the rainy season, of leaves, and is sometimes 
placed in a hole scooped out in the beach. 

Finally, in the last genus, the lateral scutes are likewise 
absent, viz. in 

Synodontts. — The adipose fin is of moderate length or 
rather long ; the dorsal hn has a very strong spine and seven 
soft rays. Th% teeth in the lower jaw are movablt^, long, very 
thin at the base, and with a slightly-dilated brown apex. Mouth 
small. Barbels six, more or less fringcul with a membrane or 
with filaments. JMeck with broad dermal liones. 

Synodontis is characteristic of the fauna of tropical 
Africa, where it is represented by liftemi s])ecies. Several 



occur in the N^ile, and arc knowji by the vernacular name 
Schal.” Some attain a length of two fc;et. The species 
figured is from West Africa, and characterised by its long 
upper jaw. 

h . Ehinoglanina. 

Rhinoglanis. — Two dorsal fins, both composed of rays, the 
first with a strong spine ; anal rather short. Barbels six ; 
anterior and posterior nostrils close together, the posterior very 
large, open. Neck with broad dermal bones. Ventrals with 
seven rays, inserted below the posterior rays of the first dorsal 

fin. _ 

• This Siluroid is known from a single example only one and 

a half inches long, obtained at Gondokoro on the Upper Nile. 
Callomystax represents this type in the Ganges and Indus. 
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c. Malapterurina. 

Malapterurus. — One dorsal fin only, which is adipose and 
situated before the caudal ; anal of moderate^ length or short ; 
caudal rounded ; ventrals six-rayed, inserted somewhat behind 
the middle of the body ; pectorals without pungent spine. 
Barbels six : one to each maxillary and two on each side of the 
mandible. The anterior and posterior nostrils are remote from 
each other. No teeth on the palate. The entire head and 
body covered with soft skin. Eyes small. Gill-opening very 
narrow, reduced to a slit before the pectoral. 

The “ Electric Cat- or Sheath -fishes ” are not uncommon in 
the fresh waters of tropical Africa ; three species have been 
described, of which M, eleciricus occurs in the Nile ; they 



Fig. 264. — Malapterurus electricus. 


grow to a length of about four feet. Although the first 
dorsal fm is absent, its position (if it had been developed) is 
indicated by a rudimentary intcrneural spine, which resh^ in 
the cleft of the neural process of the first vertebra. The 
electric organ extends over the whole body, but is thickest 
on the abdomen ; it lies between two aponeurotic membranes, 
below the skin, and consists of rhomboidal cells which con- 
tain a rather firm gelatinous substance. The electric nerve 
takes its origin from the spinal chord, does not enter into 
connection with ganglia, and consists of a single enorrnously- 
strong primitive fibre, which distributes its branches in the 
electric organ. 

yi. SlLURlD^ Proteropodes. — The rayed dorsal fin is 
' :^pImay$Tment and rather short; the ventrals are inserted Mow 
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{very rarely in front of) the dorsal. The gill-memhranes are 
confluent loith the skin of the isthmus, the gill-ojmiing being 
reduced to a short slit. Pectorals and ventrals horizontal. 
Vent before, or not much behind, the middle of flic length of the 
body. 

a . IlYrOSTOMATINA. 

Stygogenes. — Adipose fin sliort ; dorsal and anal short ; 
the outer fin-rays somewhat thickened and rough ; palate tooth- 
less ; cleft of the mouth of moderate width, with a maxillary 
barbel on each side ; a short broad ilap on each side between 
the nostrils, which are close togetlnu*. Lower lip very broad, 
pendent. Eyes small, covered with transparent skin. Head 
covered with soft skin. Ventrals six-rayed. 

Thes{3 siiuill Siliiroids, whudi are called 'kPreuadillas ” by 
the natives, together with tlie allied Arges, Brontes, and Astro- 
plebus, have received some notoriety through Humboldt’s 
accounts, who adopted tlie popular belief tliat they live in 
subterranean waters within the bowels of the active volcanoes 
of the Andes, and are ejected with streams of mud and 
water during eruptions. Humboldt himsell considers it very 
singular that they are not cooked and destroyed whilst they 
are vomited fortli from craters or other openings, ihe ex- 
planation of their appearance during volcanic cTuptions is, 
that they abound in the numerous lakes and torrents of 
the Andes, that they are killed by the sulphuretted gases 
escaping during an eruption, and swept down by the torrents 
of water issuing from the volcano. 

Callichthys. — Adipose fin short, supported anteriorly by 
a short movable spine ; dorsal with a feeble spine and seven or 
dght rays ; anal short. Teeth minute or entirely absent ; cleft 
oAhe mouth rather narrow, with a pair of maxillary barbels on 
each side, which are united at the base. Eyes small. Head 
covered with osseous plates; body wholly protected by two 
series of large imbricate shields on each side. Ventrals six-rayed. 
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Twelve species of this genus arc known ; they are small, 
and similarly distributed' as Doras, with which they have 



Fig. 265. — Calliclitliys armatus, from the Upper Amazon. Natural size. 

uch in common as regards their mode of life. They like- 
wise are able to travel over land, and construct nests for 
their ova. 

Ch.^.TOSTOMUS. — A short adipose fm, supported anteriorly 
by a short, compressed, curved spine ; dorsal fin of. moderate 
* length, with from eiglit to ten rays, the first of which is simple ; 
anal fin short ; ventral six-rayed ; pectoral with a strong spine. 
Head and body completely cuirassed, the lower parts being 
sometimes naked ; body ratlier short, with four or five longi- 
tudinal series of large imbricate scutes on each side ; tail not 
depressed. Snout produced, obtuse in front ; mouth inferior, 
transverse, with a single series of generally very fine bent teeth 
in both jaws. Interoperculum very movable and armed with 
erectile spines. 

This genus, with the allied Plecostomiis, Lifosarcus, Ptery- 
goplichthys, Eliinelepis, Acanthiciis, and Xenomysttis, is well 
represented in the fresh waters of South America, whence 
about sixty species are known. The majority do not exceed 
a length of twelve inches, but some attain to more ftian 
double that size. In some of the species the male is provided 
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Hypoptopoma. — Differing from Chcetostomus in the peculiar 
formation of tfte head, which is depressed, spatulate, the eyes 



Fig. 267 . — IlypoptojJoma thoracatum, U})per Amazons. Natural size. 


being on the, lateral edge of the head. The movable gill-covers 
are reduced to two bones, neither of which is armed, viz. — the 
Operculum small and placed as in Cliodostoinus, and a second, 
larger one, separated from the eye by the narrow sub-orbi1?al 
ring, and placed at the lower side of the head. 

LoRICARIA. — One short dorsal fin ; anal short j the outer 
of each fin thickened, but flexible. Head depressed, with 
snout more or less produced and .spatulate. Mouth situated 
lower side, of the snout, remote from its extremity, trans- 
"!f^rFOunded by broad labial folds which are sometimes 
short barbel at each corner of the mouth. Teeth in 
small, bent, with a dilated, notched apex, in a single 
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series, sometimes absent. Head arid .body cuimssed ; tail de- 
pressed, long ; eye rather smail or of moderate size. 










Fig. 268 . — Loncctria lanccolata^ Upper Amazons. Natural size. 

Small fishes from rivers of tropical America ; about 
twenty-six species are known. The male of some species has 

a bearded or bristly snout. » , , : 

• * *' ‘ 

Acestka differs from Loricaria in having the snout i^ii^ 
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SiSOR.— Head depressed, spatulate ; trunk depressed; tail 
long and thinf One short dorsal fin ; anal short ; ventrals 
seven-rayed. Head partially osseous, rough ; a series of bony 
plates along the median line of the back ; lateral line rough. 
Eyes very small. Mouth inferior, small, transverse, with bar- 
bels ; teeth none. 

A single species, S. rJiahdophoncs, from rivers of northern 
Bengal.' Allied to this genus is Erethistes frofh Assam. 

PsEUDECHENEis. — Adipose fin of moderate length ; a short 
dorsal with one spine and six rays ; anal fin rather short. Bar- 
bels eight. Mouth small, inferior. Head depressed, covered 
with soft skin above ; eyes squall, superior. Caudal fin forked , 
pectorals horizontal, with a thoracic adhesive apparatus between, 
formed by transverse plaits of the skin. Vcmtrals six-rayed. 

A very small species, inhaV>iting the niountain-streams 
of Khassya ; by means of the adhesive apparatus it is enabled 
to hold on to stones, thus preventing the current from sweep- 
ing it away. Exostoma is a similar small Siluroid from Indian 
mountain-streams, but without the thoracic apparatus , pro- 
bably its mouth performs the same function. 

h . Aspredinina. 

Aspredo. — Adipose fin none; dorsal short, without pungent 
spine ; anal very long, but not united with the caudal. Head 
broad, much depressed ; tail very long^ and slender. Barbels 
not less than six, one of which is attached to each intermaxillary * 
none at the nostrils. Eyes very small. Head covered with soft 
skin; the anterior and posterior nostrils are remote from each 
other. Ventrals six-rayed. 

.. Six species are known from Guyana; the largest grows to 

length of about eighteen inches. The remarkable mode of 
care of their ova has been noticed above (p. 161 , Fig. 

‘ ^unocephal'iLs^ BunocephalichthySy and Harttia, from 
America, are other genera of this sub-family which 
, . ' , : , ; . . ■ ■ 
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VII, SiLURlDiE Opistiiopter^:. — The rmjM dorsal finis 
always jpresent, short, and 'placed nhoi-e or hchind the middle 
of the/ienrjtli of the body, above or behind the ventrals which, 
however, are sometimes absent ; anal short. M)strils remote 
from each other ; if a nasal barbel is present, it belongs to the 
anterior nostril. Lower lip not rererted. The gdl~nienibra7ies 
are not confluent with the sJdn of the isthmus: NeMxVTOCENYINA 
and Triciiomycterina. 

The genera Heptapterus, Nematogenys, Triehomyeterus, Ere- 
mophilus, and Petriodon, helpng to this sub-laniily. They 
are small South American Sihiroids, tlie majority ot which 
inhabit waters at high altitudes, up to 14,000 ieet above 
the level of the sea. In the Andes tli(‘y replac(‘ the Loaches 
of the Northern Hemisphere, wliicli they resenddci in appear- 
ance and habits, and even in coloration, olTering a striking 
example of the Ihct that similar terms ot animals are pro- 
duced under similar external physical conditions. 

VIII. SlLURlD.E P>RA-NCllTCOLn^:.— 7%/; rayed dorsal fin is 
present, short, and p)luced beh ind the ventreds ; anal short. Ve7it 
far behind the middle of the length of the body. Gill-mem- 
branes confluent iviih the skin of the isthmus. 

Stegophilus and Pandellia, two genera troni Soutii America, 
comprising the smallest and least developed Siluroids. Their 
body is narrow, cylindrical, and elongate ; a small barbel at 
each maxillary ; the operculum and inter-operculum are 
armed with short stiff spines. Tlie natives ot Brazil accuse 
these fishes of entering and ascending the urethra of persons 
while bathing, causing infiammation and sometimes death. 
This requires confirmation, bui there is no doubt that they 
Hve parasitically in the gill-cavity of larger fishes (Platy- 
sto'ma), but probably they enter these cavities only for placies 
of safety, without drawing any nourishment from the^- 
host. 
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Seconb Family — ScopelidjE. 

Body nahed or scaly. Maryin of the upyicr jaw formed ly 
the intermaxillary only; opercular apparatus sometimes %n- 
completely developed. Barbels none. Gill-opening very wide ; 
pseudobranchm ivell developed. Air-bladder cione. Adipose 
Jin present. The eggs are enclosed in the sacs of the ovary, and 
exchuled by oviducts. Pyloric appendages few in number or 
absent, intestined tract very short. 

Exclusively marine, the jiinjority being either pelagic or 
deep-sea forms. Of fossil remains the following have been 
referred to this family -.—Osmeroides, from Mount Lebanon, 
which others believe to l)e a marine salmonoid ; Ilemisaurida, 
from Cornell, allied to Aaurus ; Parascopelus and Anapterus, 
from the miocene of Licata, tlie latter genus allied to 
Paralepis. 

Saurus (inclus. sub-cylindrical, rather elong- 

ate, covered with scales of moderate size ; head oblong ; cleft of 
the mouth very wide ; intermaxillary very long, styliform, taper- 
ing ; maxillary thin, long, closely adherent to the intermaxillary. 
Teeth card-like, some being elongate, slender; all can be laid 
downwards and inwards. Teeth on the tongue, and palatine 
bones. Eye of moderate size. Pectorals short ; ventrals eight- 
or nine-rayed, inserted in advance of the dorsal, not far behind 
the pectorals. Dorsal fin nearly in the middle of the length of 
the body, with thirteen or less rays ; adipose fin small ; anal 
' short or of moderate length; caudal forked. 

! ' \ Fifteen species of small size, from the shores of the 
tropical and siib-trop)ical zones. The species figured on 
occurs on the north-west coast of Australia and 

— Shape of the body similar to that of SauruSy^ 
' elongate, covered with small scales. ■ Head de-; 
fbA snout nroduced. flat above. Cleft of the mouth- 
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very wide, with the lower jaw projecting; intermaxillary very long, 
styliform, tapering, not movable. Teeth in the jaws, in broad 
bands, not covered by lips, curved, uncf|ual in size and barbed at 
the end. A series of similar teeth runs along the whole length of 
each side of* the palate. Eye of moderate size, lateral. Pectoral 
of moderate length. Ventral eight-rayed, inserted immediately 
behind the pectoral. Dorsal fin in the middle of the length of 
the body, with*about eighteen rays. Adipose tin absent or pre- 
sent. Anal of moderate length. Caudal emarginate. 

Deep-sea lislies, obtained in tbe I’acilic at depths varying 
from 1100 to 2400 fathoms. The largest .example is twenty 
inches long. Two species. 

BATHYi’TEROis, — Shape of the body like that of an Aulopus. 
Head of moderate size, depressed in front, with the snout pro- 
jecting, the large mandi])U‘ very prominent Ix^yond the upper 
jaw. Cleft of the mouth wide ; maxillary developed, very mov- 
able, much dilated behind. Teeth in narrow villiform bands in 
the jaws. On each sid(5 of the Imoad vomer a small patch of 
similar teeth ; none on the palatine's or on the tongue. Eye very 
small. Scales cycloid, adhen’ent, of moderate size. Pays of the 
pectoral fin much elongated, some of the upper being separate 
from the rest, and forming a distinct division. Ventrals ab- 
dominal, with the outer rays prolonged, eight-rayed. Dorsal fin 
inserted in the middle of the body, above or immediately behind 
the root of the ventral, of moderate length. Adipose fin present 
or absent. Anal short. Caudal forked. 

This very singular form is one of the discoveries of the 
‘"Challenger;” it is wddely distributed over the seas of the 
Southern Hemisphere, in depths varying from .520 to 2600 
fathoms. Tl),e elongate pectoral rays are most i)robably 
organs of touch. Four species were discovered, the largest 
specimen being thirteen inclioi^ long. • 

Harpodon. — Body elongate, covered with very thin, 
pfianous, deciduous scales. Head thick, with very short 
its bones are very soft, and the superficial ones are 
wide muciferous cavities ; the lateral canal of the body 
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very wide, and a pair of pores corresponds to each scale of the 
lateral line, one being above, the other below the scale. Cleft 
of the mouth very wide ; intermaxillary very long, styliform, 
tapering ; maxillary absent. Teeth card-like, recurved, unequal 
in size ; the largest are in the lower jaw, and provided with a 
single barb at the posterior margin of the point. Eye small. 
Ventral fins long, nine-rayed, inserted below the anterior dorsal, 
rays ; dorsal fin in the middle of the length of the body ; adi- 
pose fin small ; anal of moderate length ; caudal fin threc-lobed, 
the lateral line being continued along the central lobe. Centre 
of the vertebra) open in the middle. 

Two species only are known of this singular genus ; both 
are evidently inhabitants of considerable depths, and periodi- 
cally come nearer to the surface. One (//. nehcreus) is well 
known in the East Indies, being of excellent flavour. When 
newly taken its body is brilliantly idiosphoresccnt. When 
. salted and dry it is known under the names of “ Eombay- 
ducks ” or Bummaloh,” and exported in large quantities 
from Bombay and the coast of Mala])ar. The second species 
(jy. microchir) exceeds the other in length, and has been 
found in the sea off Japan. 


SCOPELUS. — Body oblong, more or less compressed, covered 
with large scales. Series of phosphorescent spots run along the 
lower side of the body, and a similar glandular substance some- 
times occupies the front of the snout and the back of the tail. 



Fig. 269. — Scopelus boops. 


pif the mouth very wide. Intermaxillary very long, sty*li- 
maxillary well developed. Teeth villiform. Eye 
inserted immediatelv in front of or 
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below the anterior dorsal rays. Dorsal fin nearly in the middle 
of the length of the body ; adipose fin small ; anal generally 
long ; caudal forked. Branch iostegals from eight to ten. 

The fishes of this genus are small, of truly pelagic habits, 
and distributed over all the temperate ami tropical seas ; 
they are so numerous that the surl'ace-net, when used during 
a' night of moderate weather, scarcely ever fails to enclose 
some specimens. They come to the surlace at niglit only ; 
during the day and in very rough weather tlu'-y descend to 
depths where they are safe from sunlight or tlu' agitation ot 
the. water. Some species never rise to the surface; indeed, 
Scopeli have been bi'ought up in the dnidge from almost any 
depth to 2500 fathoms. Thirty s])ecies are known. Gyvino- 
scopelus differs from Scopdifs in lacking scales. 

‘ IpnoF’S. — Body elongate, siib-cylindrical, covered with large, 
thin, deciduous scales, and without phosphorescent organs. Head 
depressed, with broad, long, spatulate snout, the whole upper 
stirface of which is occupied by a most peculiar organ of vision 
(or luminosity), longitudinally divided in two symmetrical halves. 
Bones of the head well ossified. Mouth wide, with the lower 
jaw projecting ; maxillary dilated behind. Both jaws with 
narrow bands of villiform teeth ; palate toothlc^ss. Pectoral 
and ventral fins well developed, and, owing to the shortness of 
the trunk, close together. Dorsal fin at a short distance behind 
the vent ; adipose fin none ; anal fin moderat(dy long ; caudal 
subtruncated. Pseudobranchim none. 

This singular genus, one of the “ Challenger discoveries, 
is known from four examples, ol>tained at depths varying 
between 1600 aijd 2150 fathoms, oil the coast of Brazil, near 
Tristan d’Acunha and north of Celebes. All belong to one 
species, I. murrcmji. The eye seisms to have lost its function 
of vision and assumed that of producing light. The speci- 
mens are from 4 to 5^ inches long. 

Paralepis.— Head and body elongate, compressed, cover^g 
^ with deciduous scales. Cleft of the mouth very wide ; maxiU4i^;“^^ 
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developed, closely adherent to the intermaxillary. Teeth in a 
single series, unequal in size. Eye large. Ventrals small, in- 
serted opposite or nearly opposite the dorsal. Dorsal fin short, 
on the hinder part of tlie body; adipose fin small; anal 
elongate, occupying the end of the tail ; caudal emarginate. 

Three species ; small pelagic fislies from the Mediter- 
ranean and Atlantic. — Sudis, from tlie Mediterranean, has a 
dentition slightly different from tliat of Faralepis, 

Plagyodus. — Body elongate, compressed, scaleless; snout 
much produced, with very wide cleft of the mouth. Intermax- 
illary very long and slender ; maxillary thin, immovable. 
Teeth in the jaws and of the palate very unequal in size, the 



Fig. 270. — Plagyodus fcrox. 

majority pointed and sharp, some very large and lanceolate, 
Eye large. Pectoral and ventral fins well developed; the 
raye^ dorsal fin occupies the whole length of the back from the 
occiput to opposite the anal fin; adipose and anal fins o1 
f moderate size. Caudal forked. Branchiostegals six or seven. 

This is one of the largest and most formidable deep-sea 
: ■ VfisliGS. One species only is well known, P. ferox^ from 
> and the serf off Tasmania ; other species have beeu 

from Cuba and the North Pacific, but it is not evi- 
||i^",what respects they differ specifically ivomP.forox, 
.^ows to a length of six feet, and from the stomacli 
have been taken several •Octonods. Crusta- 
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ceans, Ascidians, a young Brama, twelve young Boar-fishes, 
a Horse-mackerel, and one young of .its own species. The 
stomach is coecal; the commencement of. the intestine has 
extremely thick walls, its inner sivrlace being cellular, like 
the lung of a reptile ; a pyloric ap])endage is absent. All 
the bones are extremely thin, light, and llexilde, containing 
very little eartliy matter ; singular is the development of a 
system of abdominal ribs, symmetrically arranged on both 
sides, and extending the whole length ol the abdomen. 
Perfect specimens are rarely obtaiiHul on at’ccuint ot the 
want of coherence of the muscular and osseous parts, caused 
by the diminution of pressure wluui th(i lisli reaches the 
surface of tlie water. The exact depth at which Flcufyodus 
lives is not known ; probably it never rises abovij a depth of 
300 fathoms. 

The other less important geiuua belonging to this family 
are A-ulopus, ChloToplithciUiiuSy ScopcJosaurnSy Odoniodo7iiuSy 
and NannohracMuni, 


Third Family — CY raiNiD/E. 


Body gcncTcdly coveTcd wdlo sealer; head 7ia]\(id. SIci'iyiTi 



Fig. 271 .— Pliaryngeal bones and teeth of the Bream, Abramis brama. 

f the upper jaw formed hy the inter maxillaries. Belly 
r, ^ trenchant, without ossifications. No adipose fin., ^tpp^ 
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without Uind sac. Pyloric apjpendayes none. Mouth tooth- 
less ; lower pharyngeal hones ivell developed, falciform, suh- 
parallel to the branchial arches, provided ivith teeth, which are 
arranged in one, hvo, or three series; Air-bladder large, divided 
into an anterior and posterior portion by a constriction, or into 
a right or left portion, enclosed in an osseous capsule. Ovarian 
sacs closed. ' 

The family of “ Carps ” is the one most immeronsly repre- 
sented in the fresh waters of the Old World and of North 
America. Also numerous fossil remains are found in tertiary 
freshwater-formations, as in the limestones of Oeningen and 
Steinheim, in the lignites of Ilonn, Stochen, ililin, and Menat, 
in the marl slates and carhonaceous shales of Licata in Sicily, 
and of Padang in Sumatra, in corresponding deposits of Idaho 
in North America. The nuajority can be referred to existing 
genera : Barbus, Thynnichthys, Gobio, Leuciscus, Tinea, Ambly- 
pharyngodon, FJiodeus, Cobitis, Acanthopsis, only a few sliow- 
, ing characters different from those of living genera : Cyclurus, 
Hexapscph'us, Mylocyprimis (tertiary of North America). 

Most Carps feed on vegetable and animal substances ; 
a few only are exclusive vegetable feeders. There is much 
less diversity of form and habits in this family than in the 
Siluroids ; however, the genera are sufficiently numerous to 
demand a further subdivision of the family into groups. 

I. Catostomina. — FJiaryngcal teeth in a single series, ex- 
ceedingly numerous and closely set. Dorsal fi-n elongoie, oppo- 
: site to the ventrals ; anal short, or of moderate length. Barbels 
'none, 

, These fishes are abundant»in the lakes and rivers of North 
ti/Ainierica, more tlran thirty species having been described, and 
i Dlore named, by American ichthyologists. Two species 
from North-Eastern Asia. They are generally 
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arbitrary and confused. Some of the species which inhabit 
the large rivers and lakes grow to a length of tliree leet and 
a weight of fifteen pounds. The following genera may be 
distinguished: — Catostomus, “Suckers,” “lled-horses,” “Stone- 
rollers,” “White Mullets;” MoxostouKt ; Sderof/nathus, “Buf- 
faloes,” “Black Horses;” and Cn/i‘pio(lcs, “ Spear- fish,” “Sail- 
fish.” 

II. Cyprinina. — A7ial fm r.cry short, with not more titan 
five or six, exeeqdionally seven, hrinelied rays. Dorsal fin oppo- 
site ventrals. Ahdoiiicn 7iot eomprcsscd. Lateral line runniwj 
atony the median line of the tall. Mouth freyuenity ujith 
harhels, never more than four in 7iumher. Iduvrynyeal teeth 
generally in a triple series in the Old. World genera; in a 
double or single series in the North Ameriean forms, lohieh are 
small and feebly developed. Air-blaelder present, withoat osseous 
coi^eidng, 

Cyprinus. — Scales large. Dorsal fin long, with a more or 
less strong serrated osseous ray; anal sliort. Snout rounded, 
obtuse, mouth anterior, rather narrow. PJiaryngeal teeth, 
3. 1. l.-l. 1. 3, rnolar-like. Barbels four. 



0 • 

Fig. 272. — The Carp, Cyprinus carpio. 


JThe ''Carp” (C. carpio, “Karpfen,” "La carp63,”) is originally, 
i native of the East, and abounds in a wild state in Chiii^' 
^heye it has been domesticated for many centuries ; thenee}|| 
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was transported to Germany 'and Sweden, and the year 1614 
is assigned-as the date of its first ^ 

It deliohts in tranquil waters, prefcning suci ■ ‘ 

Ldly bottom, and the snrfaee partially shaded wrth planm 
Its food ’consists of the larym ot aqnatie rnsect, mrnufo 
^taeea, worms, and the tender blades and shoots 0 

Lten them sooner 

rn::if::=:f.-:— 

.without nourishment. In the wmter, when the Ca s ^ 

• semble in great numbers, and bury theraselaes arnong 
mud 'and the roots ot plants, they often remain 1“ 

■ months withont eating. They can also be preserved ahvt 
“a considerable length ot time out ot the water; espeondly 

eire Ise taken to moisten them occasionally as they b»ome 

dry Advantage is often taken ot this eirenmstance to trans- 

nlrt them alive try l«kfog U'era among damp berh.ge or 
top lirren ; am'l the operation is said to be unattended with 

■ any risk to the animal, esimcially it the precaution be taken 
to put a piece ot bread in its month steeped in h.an y^ 

: The teeundity ot these fishes IS very 

: uumben, consequently would soon 

the many enemies by which their spawn is destroyed. N 

fewer thin 700,000 eggs have been found m the » 

. shmlo Carp, and that, too, by no means an individual ot 
1 ^ I- - a Thoir oTowtli is very rapid, more so perhaps 
■Sihrt of any other Treslmater fisli, and the size which 

:S.“tolr!:t;iinisver^con,ide,able. In certoin lakes 
Sfi^Snnany individuals are occasionaUy taken weighing 
pounds; and Pallas relates that they oeeur 
fe L feet in length, and even ot greater weigh 
just, alluded to. The largest, of which we 
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have any account is that mentioned by Bloch, taken near 
Frankfort-on- thcrOder, which weighed seventy pounds, and 
measured nearly nine feet in length, — a statement the accu- 
racy of- which is very much open to doubt. 

Like other domesticated animals tlie Car]) is subject to 
variation; some individuals, especially when they have been 
bred under unfi^vourable circumstan(.‘es, liave a lean and low 
body ; others are shorter and higher. Some have lost every 
trace of scales, and are called “ Leather-caips ; ” otliers retain 
them along the lateral line and on the l)ack only (“ Spiegel- 
karpfen ” of the Germans). Finally, in some are the fins 
much prolonged, as in certain Ajirieties of the Gold-fish. 
Cross-breeds bet^veen the Carp and the Crucian Carp are of 
common occurrence. Th(3 Carp is much more (esteemed as 
food in inland counti'ies than in countri(‘s wlan’O the more 
delicate kinds of sea fishes can be obtained. 

Carassius differs from Cyprinm in lacking barbels ; its 
pharyngeal teeth are compressed, in a single series, 4-4. 

Two well-known species 1)elong to this genus. The 
'^Crucian Carp” (0. carassivs, ‘‘‘ Karan sche ”) is generally 
distributed over Central and Nortlierii Furo})e, and extends 
into Italy and Sil)cria. It inhabits stagiiaut waters only, 
and is so tenacious of life that it will survive a lengthened 
smallest pools, where, however, it remains 
"^“•^tost in favourable localities it attains to a 'length 
'tti WeiYc^ inches It is much subject to variation of form ; 
very lean examples are commonly called '' Ihmssian CaVps.’' 
Its usefulness consists in keeping ponds clean from a super- 
abundance of vegetable growth, and in serving as food for, 
other more esteemed fishes. The second species is the “ Gold- . 
: fish,” Carasskes aumtus. It is of very common 
a wild state in China and the warmer parts of 
entirely similar in colour to the Crucian Carp. 


occurrence m . 

,'v , ■ 

Japan, 

In a, 
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ticated state it loses the black or brown cliromatophors, and 
becomes of a golden-yellow colour ; perfect Albinos are com- 
paratively scarcer. Many varieties and monstrosities have 
been produced during the long period of its domestication ; 
the variety most highly priced at present being the so-called 
Telescope-fish,” of which a figure is annexed. The Gold-fish 



is said to have been first brought to liaigiaiid in tlieyear 1691, 
and is now distributed over nearly all the civilised parts of 
the world. 


Catla. — Scales of moderate size. Dorsal fin without osseous 
ray, with more than nine branclied rays, commencing nearly 
opposite to the ventrals. Snout broad, with the integuments very 
thin^ there is no upper lip, the lower with a free continuous 
posterior margin. Symphysis of the mandibulary bones loose, 
with prominent tubercles. Mouth anterior. Barbels none. 

* 0Ul-rakers very long, iine, an^ closely set. Pharyngeal teeth, 
>. 3 ., 3 .- 2 . 3 . 5 . 

‘‘Catla” (C. hmhanani), one of the largest Carpg of 
63, growing to a length of more than three feet, and 
. as food. 
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Labeo. — S cales of moderate or small size. Dorsal fin with- 
out osseous ray, with more than nine hranclied rays, commenc- 
ing somewhat in advance of the ventrals. Snout obtusely 
rounded, the skin of the maxillary region being more or less 
tliickofied, forming a projcation bcwond the mouth. Mouth 
transverse, inferior, Avitli the lips thickened, each or one of 
them being provide<l with an inma* transvers(' fold, which is 
cov(‘.red witli a ,^ecitluous hoi'uy substanc<‘ forming a sliarp edge, 
which, however, does not inst upon the l)one as base, but is soft 
and movable. Ilarbels very small, two or four ; tlu^ maxillary 
barbels more or less hidden in a groove behind tlie angle of the 
mouth. Anal scales not enlarged. Pharyngeal tec'lh uncinate, 
5. 4. 2.-2. 4. 5. Snout generally more or less covered with 
hollow tubercles. 

About tliirte(3ii speahes are known from rivers of tropical 
Africa and the kkist Indies. 

Discognathus. — Scales of moderate size. Dorsal fin with- 
out osseous ray, with not more tlian nin(‘. branclual rays, com- 
mencing sonuiwhat in advance of the ventrals. Snout obtusely 
rounded, more or less depressed, projecting beyond the mouth, 
more or l(‘ss tub(‘rcular. Mouth inferior, transviu'se, crescent- 
shaped ; lips broad, continuous, with an inner sharp edge of the 
jaws, covered Avith horny substance on tlui low(‘r jaw ; upper lip 
more or less distinctly fringed; lower lip modilied into a suc- 
torial disk, with free anterior and posterior margins. Barbels 
tAVO or four ; if two, the upper ari‘ absent. Anal scales not 
enlarged. Pectoral fins horizontal. Pha,ryngeal tecith, 5. 4. 2.- 
2. 4. 5. 

A small fish (IJ. lanUa), extremely abundant in almost 
all the mountain streams from Abyssinia and Syria to 
Assam. , 

Capoeta. — S cales small, of moderate or large size. Dorsal 
fin with or without a strong osstoiis ray, with not more than 
nine branched rays. Snout rounded, Avith the mouth transverse 
and^ at its loAver side ; each mandible angularly bent inwards 
in front, the anterior mandibular edge being nearly straight, 
sharpish, and covered with a horny brown layer. No lower 

2 Q 
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labial fold. Barbels two, (rarely four), or entirely absent. Anal 
scales not conspicuously enlarged. Pharyngeal teeth compressed, 
truncated, 5 or 4. 3. 2.-2. 3. 4 or 5. 

Characteristic of tlic liiuna of Western Asia ; one species 
from Abyssinia. Of the fifteen species known C. daniascina 
deserves to be specially nientioned, being abundant in the 
Jordan and other rivers of Syria and Asia Minpr. 

Barbus. — Scales of small, moderate, or large size. Dorsal 
fin generally with the (third) longest simple ray ossified, enlarged, 
and frecpiently serrated ; never, or only -exceptionally, with more 
than nine branched rays, commencing opposite or nearly opposite 
to the root of the ventral fin. Eyes without adipose eyelid. Anal 
fin frequently very high. Mouth arched, without inner folds, 
inferior or anterior ; lips without horny covering. Barbels 
short, four, two, or none. Aiud scales not enlarged. Pharyngeal 
teeth 5. 4 or 3. 3 or 2.-2 or 3. 3 or 4. 5. Snout but rarely 
with tubercles or pore-like grooves. 

'No other genus of Cyprinoids is composed of so many 
species as the genus of “ Barbels,” about 200 being known 
from the tropical and temperate parts of the Old World; it 
is not represented in tlic Xew World. Although the species 
differ much from each other in the form of tlie body, number 
of barbels, size of the scales, strength of the first dorsal ray 
or spine, etc., the transition between the extreme forms is so 
perfect that no further generic subdivision should be at- 
tempted. Some attain a length of six feet, whilst others 
never exceed a Icngtli of two inches. The most noteworthy 
are the large Barbels of the Tigris (i>\ siibquincitnciatus, B. 
esocinus, B. sclieich, B. shaiycyi) ; the common Barbel of 
Central Europe and Great Britain {B. vulgaris) ; the “Bynni” 
of the Nile {B. hynni)-, B. canis from the Jordan; the 
, *‘Mahaseer” of the mountain streams of India {B. niosal), pro- 
bably the largest of all species, the scales of which are some- 
times as large as the palm of a hand. The small, large-scaled 



CARPS. 


595 


species are especially numerous in the East Indies and the 
fresh waters of Tropical Africa. 

Thynnichtiiys. — Scales small. Dorsal fin without an os- 
seous ray, with not more tlian nine hraiiched rays, commencing 
nearly opposite the ventrals. Head lai'g(‘, strongly com- 
pressed ; eye without well-developed adi[)0S(5 numiluane, in the 
middle of the ^Jepth of the head. Snout with the integuments 
very thin ; there is no upper lip, and the lower jaw has a thin 
labial fold on the sidgs only. Mouth anterior and lat(‘ral ; bar- 
bels none. Gill-rakers none ; lamina^ braiichiah's long, half as 
long as the postorbital* portion of the laaid ; pseudobranchia) 
none. Pharyngeal teeth lamelliform, with Hat o])long crown, 
5. 3 or 4. 2-2. 4 or 3. 5, tluj teeth of the three scries being 
wedged into one another. 

Three species from the East Indies. 

Oreinus. — Scales very small. Dorsal fin with a strong 
osseous serrated ray, opposite to the ventrals. Snout rounded, 
with th(i mouth transverse, and at its lower side ; mandibles 
broad, short, and hat, loosely joined together; margin of the 
jaw covered with a thick horny layer ; a broad fringe-like lower 
lip, with free posterior margin. Barbcds four. Vent and anal 
fin in a sheath, covered with enlarged tihal scab's. Idiaryngeal 
teeth pointed, more or less hooked, 5. 3. 2—2. 3. 5. 

Three species from mountain streams of’ the Himalayas. 

ScirizoTHORAX. — Hill-barbels, with tlui same singular sheath 
on each side of the vent, as in the preceding genus ; but they 
differ in having the mouth normally formed, with mandibles of 
the usual length and width. 

Seventeen species are known from fresh waters of the 
Himalayas, ancT north of them. Other genera from the same 
region, and with the anal sheath, arc Plyclwharlus, Gymnocy- 
'priSy Schizopyyojms, and Diptychus. 

^Gobio. — Scales of moderate size; lateral line present. Dor- 
sal fin short, without spine. Mouth inferior; mandible not, 
projecting beyond the upper jaw when the mouth is open ; both,: 
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jaws with simple lips ; a small but very distinct barbel at the 
angle of the mouth, quite at the extremity of the maxillary. 
Gill-rakers very short ; pseudobran chise. Pharyngeal teeth, 5. 3 
or 2.-2 or 3. 5, hooked at the end. 

The “ Gudgeons ” are small lishes of (dear fresh waters of 
Euro]3e ; they are, like the barbels, animal feeders. In Eastern 
Asia they are represented by two closely allied genera, Ladis- 
lavia and PHeudogohio. 

Ceratichthys. — Scales of moderate or sni^ll size ; lateral 
line present. Dorsal fin short, without spine, not or but slightly 
in advance of the ventrals. Mouth suhiuferior ; the lower jaw 
does not project beyond the upjx'r when the mouth is open ; in- 
termaxillaries protractih'. from Ixdow the maxillaries ; both jaws 
with thickish lips ; a small barbel at the angle of the mouth, 
quite at the extremity of the maxillary. Gill-rakers very short 
and tew in number : pseudobranchiie. Pharyngeal teeth 4—4. 
hooked at the end (sometimes 4, 1-1. 4). 

About ten species are known from Nortli America ; they 
are small, and called “ Chub ” in the Unitc^d States. C. higut- 
tattis is, perhaps, the most widely-diffused Ereshwater-fish in 
the United States, and common everywhere. Breeding males 
have generally a red spot on each side of the head. 

Other similar genera from the fresh waters of blorth 
America, and generally called “ JMinnows,” are Piineplicdcs 
(the ‘‘ Black Head”), HyhorJtym^ Hyhognafhus, Campostoma 
(the '‘Stone-lugger”), Erinjmha, CocldognatJius, Exoglossuni (the 
" Stone Toter” or “ Cut-lip^s”), and Phinichtliys (the "Long- 
nosed Dace”). 

The remaining Old World genera belonging to the group 
Cyprinina are CHrThma, Pangda, Osteochilus, Barynotus, 
TylognathuSy Ahrost^mus, tCrossochilus, 

JBarbichthys, A m UyrhyncMcMhys, Alhulichthys, A ulopyge^ 
Bunguiy Pseudoi^ashora, 

III. Eohteichthyina. — Anal fin very shorty with not more 
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than six hranclicd rays. Dorsal Jin hclihul venfrals. Abdomen 
compressed. Lateral line rimniny alone/ the mcduin line of the 
tail. Mouth ivithont harhcls. Pheiryngeed teeth in a, triple 
series. 

One genus and speca'es onl)^, lu)JiteicJ^Jn/s niierolepis^ Ironi 
J>orneo and Sumatra. 

IV. LEPTOliAinuNA. — Anal Jin revj/ sl/nrt^ irit/i not more 
than six branched rays. Dorsal Jin opyositt' to rent rats. Ab- 
domen -not comgyressed. . Latered line rnnniiaf in the Uurer hedf 
of the tail. Pntrbels gwesenly not more than j'our in number. 
Pharyngeal teeth in a triple series. 

One genus and species only, .Leptoba rbim hoerenii, from 
Borneo and Sumatra. 

V. liASHORlNA. — Ayad Jin very shorty mith not more them 
six bretneJied raps. Dorsal Jin inserted beh ind the origin of the 
ventreds. Abdomen not eompressed. .Lettered, line running along 
the lower half of the tail, if eomplete. Month, sometimes with, 
barbels, which are never niore than four in number. Pharyngeed 
teeth in a triple or single series. Air-bladder 'present, without 
osseous eorering. 

Basbora. — S cales larg<^, or of mod(a-at(‘, size, tliero being 
generally four and a half longitudinal series of scales l)(itween 
the origin of tlu^ dorsal fm and the lateral line, and one between 
the lateral line and the veiiti'al. Lateral liiui curved downwards. 
Dorsal fin with seven or eight branched rays, not extending to 
above the anal, Avhich is s(‘ven-rayed. Mouth of modenite 
width, extending to the front margin of the orbit, with the lower 
jaw slightly prcfminent, and provided with three prominences in 
front, fitting into grooves of the ni)per jaw ; barbels none, in one 
species two. Gill-rakers shorf, lancecflate. Bscudobranchiae. 
Pharyngeal teeth in three series, uncinate. 

• Thirteen species of small size from the East Indian Con- 
tinent and Archipelago, and from rivers on the east coast of 
Africa. 
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Amblypharyngodon. — Scales small; lateral line incom- 
plete. Dorsal fin without an osseous ray, with not more' than 
nine branched rays, commencing a little l)ehind the origin of the 
ventrals. Head of moderate size, strongly compressed ; eye with- 
out adipose membrane ; snout with the integuments very thin ; 
there is no upper lip,*and the lower jaw has a short labial* fold 
on the sides only. Mouth anterior, somewhat directed upwards, 
with the lower jaw prominent. Barbels none. Gill-rakers ex- 
tremely short ; ps('udobranchi?o. Pharyngeal teeth molar-like, 
with their crowns concave, :k 2. l.-l. 2. 3. €ntestinal tract 
narrow, with numerous convolutions. 

Three species of siniill size from tlui Continent of India. 

To the same groii]) Ijelong LucioHoma, Nuria, and Aphyo- 
cypris, from the same geographical region. 

VI. Semiplotina. — Anal Jin short, vnth seven hranched 
rays, not extending foruxtrds to heloio the dorsed. Dorsal Jin 
elongate, loith an osseous ray. Lcderal line running along the 
middle of the tail. Mouth sometimes urith barhcls. 

Two genera : Cyprinion, from Syria and Persia, and Senii- 
plotus from Assam. 

VII. Xenocypridina. — Anal Jin redher short, with seven 
or more branched rays, not extending forwards to below the 
dorsal Jin. Dorsed short, with an osseous ray. Lateral line 
running edong the middls of the tail. Moidh sometimes with 
barbels. Fharyngeed teeth in a triple or double series. 

Three genera : Xenocypris and Daraeanthobrama from 
China ; and Mystacoleuens from Sumatra. 

VIII. Leuciscina. — Anal fm* short or of moderede length, 
with from eight to eleven hranched rays, not extending forwards 
to below the dorsal. mDorsal %fin short, without osseous ray. 

: Lateral line, if complete, running alo7ig, or nearly in, the middle 
\ of the tail. Mouth generally without barbels. Pharyngeal teeth 
in a single or double series. 

‘>:;Ah,J^EpClSOUS.---Body covered with imbricate scales. Dorsal 
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fin commencing opposite, rarely l)eliiiul, the ventrals. Anal fin 
generally with from nine to eleven, rarely with eight (in small 
species only), and still more rar(‘ly with toni-teen rays. Mouth 
without structural peculiarities ; lower jaw not trenchant ; bar- 
bels none. Pseudobrancliiie. Pharyngc'al teeth conical or com- 
pressed, in a single or doul)le series. lutc%tiual tract short, with 
only a few coiy^'clutioiis. 

The nuincrous species of this genus are comprised under 
the name of “ White-lisli they are ('([ually ahuudant in the 
northern temperate zone of i)oth hemispluuc's, about foi'ty 
species being known from the Old World, and about fifty 
from the New. The most noteworthy s])(‘cies of tlui former 
Fauna are the “ Roaxdi’’ (A. riffll/rs, see Pig. 21, ]). 50), com- 
moil all over Europe north of the Al])s ; the “Chub” (L. 
cephcthis), extending into Nortlmrn Italy and Asia Minor; the 
“Dace” (X. letccisats), a companion of the Poach ; the “ Id” 
or “ Nerfling” (X. idus), from the central and noi'thern parts 
of Continental Europe, domesticated in some localities ol 
Germany, in this condition assnming the golden hue of semi- 
albinism, like a Gold-fish, and then called the “Orle;” the 
“ Rudd,” or “Red-eye” (X. erytliTojddlialmuH)^ distributed all 
over Europe and Asia Alinor, and distinguished ly its scarlet 
lower fins ; the “jMiimow” {^L. jdioxLnud)^ abundant every- 
where in Europe, and growing to a hmgtli ol seven indies in 
favourable localities. The North American s])ecies are much 
less perfectly kmown ; the smaller ones are termed “ Min- 
nows,” The larger “ Shiner ” or “Dace.” The most common 
are X, cormdm (Red-fin, Red Dace) ; X. neoyems, a minnow 
resembling the European species, but with incomplete lateral 
"line ; X. hudsonius, the “ Spawn-eaterJ’ or “ Smelt,” 

Tinca.-— S cales small, deeply embedded in the thick skin ; 
li^teral line complete. Dorsal fin short, its origin being opposite 
the ventral fin; anal short; caudal subtruncated. Mouth an- 
terior ; jaws with the lips moderately developed ;ua barbel at the 
angle of the mouth. Gill-rakers short, lanceolate pseudobrUin- 
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chiaB rudimentary. Pharyngeal teeth 4 or 5,-5, cuneiform, 
slightly hooked at the end. 



Fig. 274. — Tlie Tciicli (Tiiu a tinea). 


Only one species of ''Tench” is known (7\ tinea), found 
all over Europe in stagnant waters witli soft hottoin. Tlie 
" Golden Tench ” is only a variety of colour, an incipient 
albinism like the Gold-fish and Id. Like most other (Jarps 
of this group it passes the winter in a state of torpidity, 
during wliicli it ceases to feed. It is extremely prolific, 
297,000 ova liaving been counted in one female ; its spawn 
is of a greenish colour. 

Leucosomus. — Scales of moderate or small size ; latcu’al line 
present. Dorsal fin commencing op|)osite, or nearly opposite, to 
the ventral. Anal fin short. iVIouth anterior or sub-anterior ; 
intermaxillaries protractile. A very small barbel at the ex- 
tremity of the maxillary. liower jaw with rounded margin, 
and with the labial folds well develop(al laterally. Gill-rakers 
short ; pseudobrancliiiv. Pharyngeal teeth in a double series. 

A North American genus, to which belong some of the 
most common species of the United States. , L. pulcJielliis 
(the "Fall-fish,” "Dace,” or "Poach”), one of the largest 
White-fishes of the Eastern Skites, attaining to a length of 
18 inches, and abundant in the rapids of the larger rivers. 
Z. corporalis (the " Chub ”), common everywhere from Now 
England to the Missouri region. 

Chondrostoma. — Scales of moderate size or small. Lateral 
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line terminating in the median line of the deptli of tlu' tail. 
Dorsal fin with not more than nine hraiudied rays, inserted above 
the root of the ventrals. Anal fin ratlier elongate, with ten or 
more rays. Mouth inferior, transverse, low(‘r jaw with a cutting 
edge, covered with a brown liorny layer. Ilarl)els none. Gill- 
rakers short, fine ; pseudolnancfiiai. Pharyng(‘al teidh 5 or G 
or 7.-7 or 6 oi^ 5, knife-shaped, not denticulated. Peritoneum 
black. 

vSoveii species from the Coiitimuit of Kuropt; and Western 
Asia. 

Other Old World geiuira belonging to the Leuciscina are 
Mylolcucm, ( ^fc]io 2 )havy)if/o(lt)}i, and r((rai)Ii(hrdn i(s ; iVom North 
America : Mylopliariidon^ Mi'da, Orthodon, and .Acir)(diilv><. 

IX. ItnODlUNA. — Ancd Jin oj' wodemie lew fid, iriili Jrojih 
nine to tivelee hraiudied rayr, extendiny forioards fo hcloio the 
dorsal. Dorsal jin shorty or oj' moderate lenyth. Lateral line, 
if complete, rnnniny (dony or nearly in the iiiiddle of ilui tail. 
Mouth ivith very small, or witliont any harhels. Dharynyecd 
teeth in a sinyle series. 

Very small roach-like fishes inhal)iting chiefly Eastern 
Asia and Japan, om^ s})ecies {Jlh. ainaras) ad\ainciiig into 
Central Europe. The thirt(HUi sj)eci(*s known lia^ve been dis- 
tributed among four genera, Achiloyiiathus, Aeanthorliodeiis, 
Fdiodeus, and Fseuiloperdainpns. In tlu^ ]emah;s a long 
external urogenital tube is developed annually during the 
spawning season. The European species is known in Ger- 
many by the name of Bitterling.” 

* X. DanionksA. — Anal jvn of moderate lemyth or elonyate, 
until not less, a,nd generally more, than eight hranched rays. 
Ijateral line running along the fovjer hdlf of the tail. Mouth 
with small, or without any, ha/rhels. Abdomen not trenchant, 
Fhfiryngeal teeth in a triple or double series. 

Small fishes from the East Indian Continent, Ceylon, 
the East Asiatic Islands, and a few from East African Eivers, 
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The genera belonging to this group are Danio, Ftero'psarioiiy 
Aspidoparia, Barilms, Bold, Scliarca, OpsariicJitJiys, Squalio- 
harhus, and OcJietobhis : altogether about forty species. 

XI. llYPornTHALi^ilcnTiiYiNA. — Anal jin elongate. Lateral 
line running nearly along the median line of the tail. Mouth 
without harhels. Aldornen not trenehant. dfo dorsal spine. 
Pharyngeal teeth in a single series. 

One genus {IlypopJiUudniielitliys) with two species from 
China. 

XII. AiUiAMiDiNA. — -Anal fin elongate. Abdomen^ or part 
of the abdomen, eompirssed. 

Abramis. — Body much compressed, elevated, or oblong. 
Scales of moderate size. Lateral line present, running in the 
lower half of the tail. Dorsal iin sliort, with spine, opposite to 
the space betweciu ventrals and anals. Lower jaw generally 
shorter, and rarely longer than the upp(n\ Both jaws with 
simple lips, the lower labial Ibid being int(nTupted at the sym- 
physis of the mandible. Upper jaw protractile. Gill-rakers 
rather short ; pseudoljranchia). The attachment of the branchial 
membrane to the isthmus takes place at some distance behind 
the vertical from the orbit. Pharyngeal teeth in one or two 



Fig. 27^T — The Bream (Abramis braina). ‘ 


series, with a notch near the extremity. Belly behind the 
ventrals compressed into an edge, the scales not extending 
across it. 

The ^Breams” are represented in the temperate- parts of 
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both northern hemispheres ; in Europe there occur tlie “ Com- 
mon Bream, A. hrama ; the '‘ Zope,” A.hallcrus ; A. sapa; the 
“ Ziirthe,” vimha ; A. chnujatns ; the “ Wliite Bream,'’ ^1. 
Uicca ; A. hipunctatus. Of these . /. hnnna and A. hlicca are 
British; the former being one of tlie most common fishes, 
and sometimes attaining to a hiiigtli ot two feet, ('rosses 
between these two species, and evaai with other Cyprinoids, 
are not rare. Of tlie .American s])eci(‘s yf. (cincricanus 
(‘OShiner,” Bream ”) is common and widely distributed; 
like tlie .European Bream it lives chic ‘fly in stagnant waters 
or streams with a slow current. 

Aspics. — Body oblong ; scales of moderates size ; lateral line 
complete, terminating nearly in the middle of tin* de])th of the tail. 
Dorsal fin short, without spine, ojiposite to the space between 
the ventrals and anal ; anal fin elongate, with thirteen or more 
rays. Lower jaw morc^ or less conspicuously ])rojecting beyond 
the upper. Lips thin, simple, the lower labial fold being at the 
symphysis ; upper jaw but little jirotractile. Gill-rakers short 
and widely set; pseudobranchiie. The attachm(*nt of the liranchial 
membrane to the isthmus takes jclace below the liind margin of 
the orbit. .Pharyngeal teeth hookcal, 5. 3.-3 or 2. 5 or 4 Belly 
behind the ventrals com})ressc*d, the scales coveuing the edge. 

.Four species from Eastern Juirope to China. 

AlBURNUS. — Body more or less (dongate ; sc<ales of moderate 
size ; lateral line present, running below the median line of the 
tail. Dorsal fin short, without spine, opposite to the space 
between ventrals and anal ; anal fin elongate, witli more than 
thirteen rays. Lower jaw more or less conspicuously projecting 
beyond the upper. Lips thin, simple, the lower labial fold being 
interrupted at the symphysis of ihe mandible. Upper jaw pro- 
tractile. Gill-rakers slender, lanceolate, dosely set ; pseudo- 
br^chife. The attachment of the branchial membrane to the 
isthmus takes place below the hind margin of the orbit. Pharyn- 
geal teeth in two series, hooked. Belly behind' the ventrals 
compressed into an edge, the scales not extending across it. 
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“ Bleak ” are numerous in Europe and W estern Asia, 
fifteen species being known. Tlie common Bleak (A. alhur- 
mis) is found north of the Alps only, and represented by 
another species (A. alhurnellus, Alborella,” or “ Avola”) in 
Italy. 

Of the other genera referred to this group, Leiicasjjius 
and Felecus belong to tlie luiro])ean Fauna ; Felotroplviis is 
East African ; all the others occur in tlie East Indies or the 
temperate parts of Asia, viz. FutshnnclUhyfi, Elo}yic]itliys, 
Acantliolmona (Western Asia), OAeohrania, CJumodicJitliy^, 
Hemiculter, Sniiltoy aster, Tojahraniis, Cidtcr, Emtira, Clielay 
Fseudokibum, and Cackias. 

XIII. 1I0MAT.0PTE11INA. — Dovsal and anal Jins short, the 
former opposite to rentrals. Feetoral and rentral fins hori- 
zontal, the former 'with the outer rays simple. - Barhels six or 
none. A ir-hladdj'r absent. Fharynyea.l teeth in a single series, 
fro'm ten to sixteen in number. 

Inhabitants of liill-streams in the East Indies; tliey are 
of small size and abundant where they occur. Thirteen 
species arc known belonging to tlie genera Ilomedoptera, 
Gastromyzon, Crossostoma, and Fsilorhynedius. 

XIY. CoBiTiDlNA. — Mouth surrounded, by six or 'more 
barbels. Dorsal fin short or of moderate length ; anal fin 
short. Seales smcdl, rudimentary, or entirely absent. Fharyn- 
geal teeth in a single series, in 'moderate number. Air-bladder 
partly or entirely enclosed in a bony capsule. Fseudohranehiae 
none : Loaches. 

Misgurnus. — Body elongate, comprcssiHl. Xo sub-orbital 
spine. Ten or twelve •barbelsf four belonging to the mandible. 
Dorsal fin opposite £o the ventrals ; caudal rounded. 

Four species from Europe and Asia. M. fossilis is ^he 
largest of European Loaches, growing to a length of ten 
inch^ ; it occurs in stagnant waters of eastern and southern 
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Germany anti northern Asia. Tn China and dn])an it is re- 
placed by an equally large s])ecies, J/. (in<iuiIUccmdatus. 

Nemachilus.— N o eri'ctile siih-oibital spine. Six barbels, 
none at the mandible. Dorsal lin op[)()site to tlie ventrals. 

The greater nunil)er ol Loaclu's belong to this genus ; 
about hlty sjxicies are known Ironi Murope and t(‘niperate 
Asia ; such s^)ecies as extend into tropical parts inhabit 
streams of high altitiuh^s. Loaelu^s are ])artial to last-runnino 
streams witli stony bottom, and exclusively animal feeders. 
In spite of their small size tliey are (ist(‘emed as total where 
they occur in sutlicient abundaiiee. Tli(‘, llritish species, N. 
harhatuliis, is found all over Europe (‘xee])t Denmai'k and 
Scandinavia. 

COBITIS. — Body more or less C(nn]>rcss(‘(l, elongate ; back not 
arched. A small, erectile, bifid sub-orbital spine below the eye. 
Six barbels only on the U})per jaw. Dorsal fin insei ted oi)posito 
to ventrals. Caudal rounded or truncatix 

Only three s])eeies <are knt)wn, ot whicli C. fmiia occurs 
in Euro])e. It is stairce and vcuy local in Gr(ia.t Britain. 

Botia. — Body compressed, oblong ; back more or less ai'ched. 
Eyes with a fi'oe circular eyelid ; an erectihi bifid sub-orbital 
spine. Six barbels on the upper jaw, sonu'f.imes two otlua's at 
the mandibulary symphysis. Dorsal fin comnuaicing in advance 
of the root of the ventrals; caudal fin forked. Air-bladder con- 
sisting of two divisions : the anterioi* enclosed in a partly osseous 
capsule, the posterior free, floating in tlie abdominal cavity. 

Tins genus is more tro])ical 
than any of the preceding, and 
the majority. *of the species 
(eiglit in number) are finely 
coloured. The more elevated 
form of their body, and the Fig. 276. — Botia rostrata. From 
imperfect ossification of the Bengal, 

capsules of the air-bladder, the, divisions of which are not side 
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by side, but placed in the longitudinal axis of th« uuuy, indi- 
cate likewise that this genus is more adapted for still waters 
of the plains than for the currents of liill-streains. 

Otlier genera Irom tropical India are Lepidocephalichthys, 
Acanthopsis, Oreonectes (hills near Ilong-Kong), Paramisgiir- 
nus (Yan-tse-Kiaiig), Lrjyidoccphalus, Atmithoidithahrms, and 
Apua. ^ 

Fourth Family — Kneriid/L. 

Body scaly, head, naked. Maryin of the iipper jaw formed 
hy the intermaxillaries. Dorsal and. anal fins short, the former 
helonging to the abdominal portion of the vertclrral column. 
Teeth none, cither in the mouth or pharynx. Barbels none. 
Stomach svphonal ; no pyloric appendages, Fseudobrancliim 
none, Braxichiostegcds three; air-bladder long, not divided. 
Ovaries closed. 

Small loach-like fishes from fresh waters of tropical 
Africa ; two species only, Kneria angolensis and K, speldi, are 

known. 


Fi FTif Fa m ily — C i \ a r acini i ui-:. 

Body covered with scales, head naked ; barbels none. Mar- 
gin of the upper jcvw formed by the intermaxillaries in the 
middle and by the maxillaries latercdly. Generally a small 
adipose fin behind the dorsal. Pyloric appendages more or 
less numerous ; air - bladder transversely divided into two 
portions, and eommuniceding with the organ of hearing by 
means of the (i\id/dory ossicles, Pseudobranchial none. 

The fishes of this family are confined to the fresh waters 
of Africa, and especi^ly of tropical America, where they 
replace the Cyprinoids, with which family, however, they 
‘ liay§ but little in common as far as their structural charac- 
are concerned. Their co-existence in Africa with 
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Cyprinoid/ proves only -that tlmt continent is nearer to the 
original centre, from which the distiihntion of Cyprinoids 
commenced than tropical America. The family includes 
herbivorous as well as sti'ictly eariiivi irons IVirnis ■ some are 
toothless, whilst others possess a most I’ormidable dmititioii. ’ 
The family contains so many diversilied forms as to render 
a subdivision ^nto groujis nef^essary. They liava 3 not yet 
been obtained in fossil if erous strata. 

I. ErYTHUININA. — A(/ipusc Jlii ((hsoiL 

The sixteen species of this grou]) Ix'long to the fauna of 
tropical .America, and are referred t() tlie geiuu’a Macrodony 
Lchiasma, Nannodoviiis, Pijrrludiiui , and, Cory- 

nojpoma. 

IT. CUUTMATTNA. — A sliort dorsal and an adlioosc fin; 
dentition imferfcAi, Troiyiml America, 

CURIMATUS. — Dorsal fin placed nearly in tlio middle of the 
bodyj^^anal rather short or of mod(‘.rate lengtli ; ventrals behiw 
the dorsal. Body oblong or elevated, witli th(3 belly rounded or 
flattened before the ventrals. Cleft of the mouth transverse, 
lips none, margins of the jaws tnmehant. No teeth whatever. 
Intestinal tract very long and narrow. 

About twenty species are known, of rather small size. 

The other genera of this group have teeth, Ijut tliey are 
either rudimentary or alisent in some part of tlie jaws : Pro- 
chilodus, Camotro 2 )us, Heiniodas, Aaccodon, Parodon, 

III. ClTIlARlNlNA. — A rather long dorsal and an adipose 
Jin ; minnte labial teeth. Tropical Af rica, 

One genus only, CithariniL% with two species, is known. 
Common in the Nile, attaining to a length of three feet. 

*IV. Anastomatina . — A short dorsal and an adipose fin f 
teeth in both jaws loell develop>ed ; the gill-rnembranes grown t0 
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America. 

Leporinus.— Dorsal fin placed nearly in tlie middle of tlie 
length of the body; anal short; vcntrals below the dorsa . 
Body oblong, covered with scales of moderate size ; belly rounded 
Cleft of the mouth small, with tins lips well developed ; teeth 
in the intermaxillary and mandible, few in number, flattened, 
with the apiix more or less truncated, and not serrated ; the 
middle pair of teeth is the longest in both jaws ; palate toothless. 

This genus is generally distributed in the rivers east of 
the Andes; about Uventy q.ecies are known, some of wbicli, 
like L. frederki, L. megalcpis, are very common. They are 
well marked by black bands or spots, and rarely grow to a 
length of two feet, being generally much smaller.— The other 
genera belonging to this group are Anasiomus and Ehytiodus. 


V. NANNOCH.tRACiNA. — A short dorsal and, an adipose fn ; 
teeth in both jaws well developed; notehed incisors. The gill- 
memhranes are groom to the isthmus. Nostrils close together. 

One genus, Nrmiocharax, with two species only, from the 
Nile and Gaboon ; very small. 


VI. T.ETKAGONOPTEU1NA. — A short dovsal anul an adipose 
fin; the teeth in both jetws well developed, compressed, notched, 
or denticulated ; the gill-mcnihrancs free from the tsthmus, and 
the nasal openings close together. South America and Tropical 
Africa. 

Alestes.— The dorsal fin is placed in the middle of the length 
of the body, above or behind the ventrals ; anal fin ^rather long. 
Body oblong, covered with scales of moderate or large size , 
belly rounded. Cleft of the mouth rather small. Maxillary 
teeth none ; intermaxillary teath in two series ; those of the 
front series more or less compressed, more or less distinctly 
tricuspid ; the teeth of the hinder series are broad, molar-ljke, 
each armed with several pointed tubercles. Teeth in the lower 
jaw in two series; those in the front series laterally compressed, 
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broader b/hind than in front; the hinder series is composed 
of two conical teeth. All the teeth are strong, few in number. 

Fourteen species from Tropical Africa; several iiiliabit 
the Mle, of which the ^‘Eaches” (A. dmtex and A. kotschyi) 
are the most common. 

TEfRAGONOPTERUS. Ihe dorsal hn is placed in tlie middle of 
the length of tli| body, above or immediately beliind the ventrals ; 
anal fin long, l^.ody oblong or elevat(i(l, covertal ^vitll scales of 
moderate size; belly rounded. Chdt of the mouth of moderate, 
width. Anterior teeth strong, lateral teeth small. Intermaxil- 
laiy and mandihulary teeth sii})-e(|ual in size, with a compressed 
and notched crown, the former in a double, the latt(‘r in a single 
series ; maxillary with a few teeth maar its articulation, rarely 
with the entire edge denticulated. 

Of all the genera ol this family Tctr((gono2)tcrus is repre- 
sented by the greatest numl^er of species; about fifty are 
known. Some of them seem to have a very .wide raime 
whilst others are merely local. All are of small size, rarely 
exceeding a length of eiglit inches. 

Chirodon. — Dorsal fin placed in the middle of the length of 
the body, behind the ventrals ; anal long or of moderate length. 
Body oblong, covered with scales of moderate size ; lateral line 
not continued to the tail. Belly rounded before the ventrals. 
Cleft of the mouth narrow, maxillary short. A single series of 
small serrated teeth in the intermaxillary and mandihulary ; 
maxillary teeth none. 



Fig. 277. — Chirodon albiirfins. 


Three species of small size from various parts of South 
America; the species figured is represented of the natural- 
size, and comes from the Upper Amazons. 

2 R 
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Megalobrycon. — Dorsal' fin 



Fig. 278. — Megalobrycon ceplialiis. 

One species from the Upper 
mens more than one foot long 


placed in middle of’ the length 
of the body, immediately behind 
the ventrals. Anal long. Ab- 
domen rounded in front of, and 
somewhat compressed behind, 
the ventrals. Cleft of the mouth 
of moderate width. Teeth 
notched, in aotriple series in 
tlie intermaxillary, and in a 
single in the maxillary and man- 
dible ; no other teeth behind 
the mandihulary teeth or on the 
])alate. Scales of moderate size, 
with the free portion striated. 
Amazons (ilf. cephalus), Speci- 
lavc been obtained. 


G ASTROrELECUS. — Dorsal fin placed behind the middle of the 
length of the body, above the anal ; anal long ; pectoral long ; 
ventrals very small or rudimentary. . Body strongly compressed, 
with the thoracic region dilated into a sub-semicircular disk. 
Scales of moderate size. Lateral line descending obliquely 
backwards towards the origin of tlie anal fin. Tlie lower profile 
.compressed into an acute ridge. Cleft of the mouth of moderate 
width ; teeth compressed, tricuspid, in one or two series in the 
intermaxillary, and in a single in the mandible ; maxillary with 
a few minute conical teeth ; palate toothless. 

lliree specimens of this singular form are known from 
Brazil and the Guyanas ; they are of very small size. 

The majority of the other genera belonging to this group 
are South American, viz. Piahucindy Scissor, Pscudochalceus, 
Aphyocliarax, Chalceus, Brycon, Ckalcinopsis, Bryconop)s, Crea- 
griltus, Chalcinus, Piahitca, Paragoniates, and Agoniates ; two 
only are African, viz. Nannoetl^ops, which represents the South 
/ American Tetragonopierus, and Bryconcetliiops, which is allied 
to Bryoon. 

, , ' yil, Hydrocyonina. — A short dorsal and an adipose Jin; 
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teeth in %oih jaws loell developed and conical ; (fill mcmhranes 
fi ee from the isthm.us ; nasal openings close together. South ‘ 
America and Tropical Africa. Fishes of pr eg, 

Hydroc.yon. The dorsal liii is in the iniddle of the length 
of the body, above tlie ventrals ; anal of mod(n*ate length. Body 
oblong, compressed, covered with scales of moderate size; belly 
rounded. Clt^t of the month wid(‘, Avithout bps ; the inter- 
maxillaries and mandibles are armed with strong pointed teeth, 
widely set and few in number; tln^y are received in notclics of 
the opposite jaw, and visible externally wlien the mouth is 
closed. Palate toothless. Cheeks cov'cred with the enlarged 
SLiborbital bones. Orbit with an anterior and posterior adipose 
eyelid. Intcistinal tract short. 

Four species from Tropical Afriiaa; two occur in tlic Nile, 
ILforskalii being abundant, and well known, by the names 
“ Kelb el bahr ” and Kell) el moyeh.” Their formidable 
dentition renders them most destructive to other fislies ; they 
grow to a length of four feet. 

Cynodon. — Dorsal fin placed behind, or nearly in, the middle 
of the length of the body, behind the ventrals ; anal long. 
Head and body conq^rcssed, oblong, the latter covered with very 
small scales ; belly compressed, keeled. Teeth in the inter- 
maxillary, maxillaiy, and mandible in a single series, conical, 
widely set, of unequal size ; a pair of very large canine teeth 
anteriorly in the lower jaw, received in two grooves on the 
palate ; palate with patches of minute granulated teeth. The 
outer branchial arch without gill-rakers, but with very short 
tubercles. 

Four species from Brazil and tlie Guyanas ; they are as 
formidable fishes of prey as the preceding, and grow to the 
same size. 

• • 

With the exception of Sar codaces, all the remaining genera 
of this group belong to the fauna of Tropical America, viz. 
Anacyrtus, Ilystricodon, Salminus, Oligosarcus, Xiphorhamph/us, 
£iJid Xiphostoma, f 
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VIII. Distichodontina. — Dorsal Jin rather elongate ; ad%- 
pose Jin 'present. Gill-merribranes attached to the isthmus; 
lelhj rounded. Tropical Africa. 

The species, ten in number, belong to one genus only 
{Distichodus), well known on the Nile under the name of 
Nefasch/’ They grow to a considerable size, being some- 
times four feet long and one and a half foot dc^p. They are 
used as food. 

IX. IcilTHYBOKiNA. — An adipose fin ; number of dorsal 
ra'ys increased ( 12 - 17 ) ; gill-mcrnhranes free from the isthmus. 
Belly rounded ; canine teeth. Tropiad Africa. 

Two genera only : lehthyborus from the Nile, and Phago 
from West Africa. Small fishes of very rare occurrence. 

X. Crenuchina. — Dorsal fin rather elongate ; an adipose 
fin. Gill-memhranes free from the isthinuSy loith the belly 
rounded f and 'ivithout canine teeth. 

This small group is represented in tlie Nssec^uibo by a 
single species, Creiihichus spilurus, and by anotlier in West 
Africa, Xenocharax spihmis. 

XI. Serrasalmonina. — Dorsal Jin rather elongate; an 
adipose fin. Gill-membranes free from the isthmus ; belly 
serrated. Tropical America. 

Although the fishes of this family do not attain any con- 
siderable size, the largest scarcely exceeding two feet in 
length, their voracity, fearlessness, and number renders them 
a perfect pest in many rivers of tropical America. In all, the 
teeth are strong, short, sharp, sometimes lobed incisors, ar- 
ranged in one or more scries ; by means of them they cut off 
a mouthful of flesh as with a pair of scissors ; and any animal 
falling into the water where these fishes abound is immedi- 
ately attacked and cut in pieces in an incredibly short tin^^. 

: They iassail persons entering the water, inflicting dangerous 
wpunck before the victims are able to make their escape.^ 
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In some localities it is scarcely possible to catch fislies witli 
the hook and line, as the fish hooked is immediately attacked 
by the Caribe (as these lislies are called), and torn to 
pieces before it can be withdrawn from the water. The 
Caribes themselves are rarely hooked, as they siia]) tlie hook 
or cut the line. The smell of blood is said to attract at once 
thousands of these fishes to a spot. Tliey lire most abundant 
in the Lrazils and Guyaiias ; some forty spc'.oies are known, 
and referred to the genera Mylemms, ,^crras(thm), Myletes, and 
Cato'prion. 



Fig. 279. — Serras.alino .sca])uliiris, I’roin the Es.sc(iuibo. 


Sixth Family — CY rRiNonoNTiD/E. 

Head and body covered loith scales ; haHels none. Margin 
of the upper jaio formed, by the inter rnaxillaries only. Teeth in 
both jaws ; upper and lower pharyngeals ivith cardiform teeth. 
Adipose fin none ; dorsal fin situated on the hinder half of the 
body. Stomach ivithout blind* sac ; phjloidc appendages none. 
Pseudobranchice none; air-bladder simple^ without ossiauda * 
aUtdiius. 

Small fishes, inhabiting fresh, brackish, and salt water of 
Southern Europe, Africa, Asia, and America. The majority 
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are viviparous j and to facilitate copulation tlie anal fin of 
the adult male of many species is modified into a copulatory 
organ, which is probably (partially at least) introduced into 
the vulva of the female ; but it is uncertain whether it serves 
to conduct the semen, or merely to give the male a firmer 
hold of the female during the act. Also secondary sexual 
differences are developed in the Gyprinodonts ;*^t]ie males are 
always the smaller, sometimes several times smaller than the 
females, quite diminutive ; and they are perhaps the smallest 
fishes in existence. The fins generally are more developed 
in the males, and the coloration is frequently different also. 
Some species are carnivorous ; others live on the organic 
substances mixed with mud. Fossil remains have been found 
in tertiary strata, all apparently referable to the existing 
genus Cypriiiodon ; they, occur near Aix in Provence, in the 
marl of Gesso, St. Angelo, in the Brown coal near Bonn, 
near Frankfort, and in the freshwater-clialk of Oeningen. 
In the latter locality a Poecilia occurs likewise. 

The genera can be divided into two groups : 

I. CYPRiNODONTiDyE Carnivor ^<:. — The lones of each ramus 
of the mandible are firmly united ; intestinal tract short, or 
hut little convoluted. Carnivorous or insectivorous. 

Cyprinodon. — Cleft of the mouth small, developed laterally 
and horizontally. Snout short. Teeth of moderate size, incisor- 
like, notched, in a single series. Scales rath.er large. Origin of 
the anal fin behind that of the dorsal in both sexes, both fins 
being larger in the male than in the female. Anal not modified 
into a sexual organ. 

Seven species occur in the Mediterranean region, all of 
which seem able to live in bfiny springs or pools, the water 

which contains a much greater percentage of salts than 
; sea- Walter, as the brine-springs near the Dead Sea or in ttie 
'■'Sah^tTa. j .They are as little affected by the high temperature 
of some of these springs (91®), for instance of that at Sidi 
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OiiKDar in tlie KSaliara. Like other fishes living in limited 
localities or concealing tliemselves in innd, Cyprinodonts 
lose sometimes their ventral fins ; such specimens have 
been described as Tellia. The species of the New World 
are less known than those ol the Old, but not less numerous. 

Allied to Cyprinodon are Filzroifia from Monte Video, 
and Characodmi from Central Ainei'icu. 

Haplochilus. — Snout flat, both jaws being much depressed, 
and armed with a narrow band of villiform teeth, llody ol)long, 
depressed anteriorly, compressed j)osteriorly. Dorsal fin sliort, 
commencing behind the origin of tlie anal, which is more or less 
elongate. 

Twenty species from the East Indies, tro]»ical Africa, and 
temperate and tropical America. 

Fundulus. — Cleft of the mouth of moderate width, developed 
laterally and horizontally. Snout of moderate length. Teeth 
in a narrow hand, those of tlie outer series being largest, conical. 
Scales of moderate size. Dorsal fin commencing before or 
opposite the origin of the anal. Sexes not diflV‘rentiated. 

'' Killifish,” abuiKhint in the New World, where about 
twenty species have been found ; F. hderodF^^ majalis, 
diaiiliamis,\m\\g common on the Atlantic coast of the United 
States; from the Old World two species only are known, viz. 
F» liispanicus from S])ain, and F. orilionolin^ from tlie east 
coast of Africa. Allied to Fundulus are the South American 
Limnurgus^ Lucania, EivtduSy and Cynolchias. 

Orestias. -^'-Ventral fins none. Cleft of the mouth of moderate 
width, directed upwards, with the lower jaw prominent, and 
with the upper protractile. Both jajvs with a narrow band 
of small conical teeth. Scales rather small or of moderate , 
size, those on the head and upper part of the trunk frequently 
enlarged, plate-like, and granulated. Dorsal and anal fins 
moderately developed, opposite to each other. Sexes not differ* 
entiated by modification of the anal fin. The gill-membranes of 
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^ both sides are united for a short distance, and not attached to 
the isthmus. 

Iniiabitants of Lake Titicaca and other elevated sheets of 
water on the Cordilleras of Peru and Bolivia, between the 
14th and 19th degrees of latitude, at an elevation of 13,000 
and 14,000 feet above the level of the sea. Singularly, the 
fishes of this outlying genus attain to a greater size than any 
other members of this family, being about eight indies long 
and comparatively bulky. They arc considered a delicacy. 
Six species. 

Jenynsia. — Cleft of the mouth small, developed Laterally 
and horizontally ; snout not pro.hiced. Both jaws with a series 
of tricuspid teeth of moderate 'size. .Scales of moderate size. 
Ihe origin of the anal fm is, in both se.xes, behind that of the 
dorsal, although the anal of tlie male is modified into an intro- 
mittent organ, in which scarcely any of the rays remain distinct. 

One species from ilaldonado. 

Gambusia. Cleft of the mouth developed laterally and 
orizontally. Snout not produced, with tlie lower jaw more or 



Fig. 280.— Gambusia punctata, from Cuba. A. Male : B Female 
* 0 

less prominent. Both jaws with a band of teeth, those of the 
outer seriea being strongest and conical. Scales rather large. 
Origin of the anal fin more or less in advance of that of the 
doreal; Anal fin of the male modified into an intromittent 
otgiim and much advanced 
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Eight species from the West Indies and tlie southern 
parts of South America. — Allied genera are the Central*^ 
American Fsciuloxipliopliorus and Beloncmr. 

Anableps. — H ead broad and depressed, with the supraorbital 
part very much raised. Body elongate, depresscal anteriorly and 
compressed posteriorly. Clid't of tln^, montli liorizontal, of mode- 
rate widtli, tlft mandible being sliort ; upper jaw protractile. 
Both jaws armed with a baiul of villiform tecah, those of the 
outer series being largest and somewhat movable. TIk; integu- 
ments of the eye arc divided into an upp(U' and lower portion 
by a dark-coloured transverse band of the conjunctiva; also the 
2 )upil is completely divided into two l)y a pair of lobes projecting 
from each side of the iris. Scales ratluu’ small or of moderate 
size. Dorsal and anal fins short, the former Ixdiind the latter. 
The anal fin of the male is modified into a thick and long scaly 
conical organ with an orilico at its extremity. 

Three species from tropical Americ^a. They are the 
longest Cyprinodouts, attaining to the length of neaily 
twelve inches. Their peculiar habit of swimming with part 
of the liead out of the water lias becji noticcMl al)ove (]>. 113). 

II. CYPRINODONTIDyK LlMNOPIJA(mi:. — 77ic honcS of cacll 
ramus of the mandihle are hid loosely joined ; intestinal tract 
with immerons eireumivolidions. Hexes differentiated. Mud- 
eatiny. Tropical America. 

POKCILTA. — Cleft of the mouth small, transverse ; mandible 
very short. Botli jaws with a narrow band of minute teeth. 
Scales rather large. Origin of the anal fin generally nearly 
opposite to that of the dorsal fin in tlui female, but in the male 
it is modified diito an intromitteiit organ and much advanced. 
Dorsal fin short, with not more than eleven rays. 

Sixteen species. • • 

Mollienesia. — Differing from Poecilia in having a larger 
dorsal fin, with twelve or more rays. 

Five species. The males are most beautifully coloure^^ 
and their dorsal fin is much enlarged. In one species (Jf. 
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hellerii), besides, the lower caudal rays of the mature male 
^are prolonged into a long, sword-shaped, generally black and 
yellow appendage. 

Two other genera belong to this group : Platypoecihcs and 
Girardmus. 

Sevent ii Family — II lteiiopy gii.^ 

Head naked ; hody covered leith very small scales ; harhels 
none. Margin of the upper jam formed hy the intermaxillaries. 
Villiform teeth in the jaws and on the ixdaie. Adhpose fin 
none. Dorsal Jin belonging to the caudal portion of the vertebral 
column, opposite to the anal. Ventral Jins rudimentary oi\ 
absent. Vent situated before the pectorals. Stomach coecal ; 
pyloric appendages present. PseAidAlbranehuv none ; air-bladder 
deeply notched anteriorly. 

To this small family, which is closely allied to the 
Cyprinodonts and Umbridie, belongs the lamous Idind Fish 
of the Mammoth Cave in Kentucky, Amblyopsis spclams. It 
is destitute of external eyes, and the body is colourless ; 
although the eyes, with tlie optic nerve, are quite rudimentary, 
the optic lobes are as much developed as in fishes with per- 
fect eyes. The loss of vision is compensated by the acute- 
ness of its sense of hearing, as well as by a great number of 
tactile papilla3, arranged on transverse ridges on the head, and 
provided with, nervous filaments coming from the fifth pair. 
The ovary is single, and the fish is viviparous, like the 
Cyprinodonts. It seems to occur in all the subterranean 
rivers that flow through the great limestone - region under- 
lying the carboniferous rocks in the central portion of the 
United States. As in Gyprinodon, so in this genus, specimens 
occur without ventral fins; they have been called Typhlich- 
thys. The largest size to which Amblyopsis grows is fi<re 
dnfeiies.. 

j(fkdloga$teT is closely allied, but provided . with small 
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external eyes; its body is coloured, but it is destitute of 
ventrals. It was found once in a rice field in Soutli Carolina. 

[See Tellkanipf, Miill. Arcli. 1844, p. 881 ; Packard and Putiuini, “The 
Mammoth Cave and its Inhabitants.” Salem. 1872. 8°.] 

Ekuitii Family — UM imiDj-:. 

Head and kody covered, with scales ; barbels none. Margin 
of the U2)peT jaw formed, by the inter}naxillaries inesicdly, and 
by the maxillaries laterally. Adi pore Jin none ; the dorsed fin 
belongs partly to the cd)domined portion of the vertebral column.. 
Stomach siphonal ; pyloric cqjpcndages none ; ])sen dobranehiai 
(glandular, hidden ; air-bladder simple. 

. Two small s])Ocies only are known : Umbra krameri from 
Austria and Ilungary, and Umbra limi, locally distriliuted in 
the United States; called “ llunds-lisli ’’ in Germany, “Dog- 
fish ” or “ Mud-lisli ” in America. 

Ninth Fam ily — Scom bpesoci da-:. 

Body covered ivitli scales ; a series of keeled scales along each 
side of the belly. Mecrgin of the upper ja w formed by the inter- 
maxAllaries mesially, and by the maxilUtries laterally. Lo'wer- 
pharyngeeds united into a single bone. Dorsal Jin ojposite the 
anal, belonging to the cauded portion of the vertehral column. 
Adipose jin none. Air-blcideler genercdly jnrsent, simple, some- 
twies cellular, 'without pneurncdic duct. Fsendobranchice hidden, 
glandular. Stomach not (listinet from the intestine, which is 
guite straigld, without appendages. 

The fishes €)f this family are chiefly marine, some living in 
the open ocean, whilst others have become acclimatised in fresh 
water ; many of tlie latter ate viviparous, all the marine 
forms being oviparous. They are found in all the temperate 
aifd tropical zones. Carnivorous. 

This family is represented in the strata of Monte Bolca 
by rare remains of a fish named Holosteus, allied to Belone or 
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ScomhresoXj and by a species of Belone in the miocene of 
Licata. 

Belone. — Both jaws are prolonged into a long slender beak. 
'All the dorsal and anal rays connected by membrane. 

The long upper jaw of the Gar-pike ” is formed by the 
intermaxillaries, which are united by a longitudinal suture. 
Both jaws are beset with asperities, and with a series of 
longer, conical -pointed, widely -set teeth. Skimming along 
the surface of the water, tlie Gar-pike seize with these long 
jaws small fish as a bird would seize them with its beak; 
but their gullet is narrow, so that they can swallow small 
fish only. Tliey swim witli an undulating motion of the 
body ; although they are in constant activity, their progress 
through tlie water is much slower than that of the Mackerels, 
the shoals of which sometimes appear simultaneously with 
them on our coasts. Young specimens are frequently met in 
the open ocean; when very young their jaws are not pro- 
longed, and during growth tlie lower jaw is much in advance 
of the upper, so that these young fislies resemble a Hemi- 
rlimn'plms. About fifty species are known from tropical and 
temperate seas, Belone belone lieing a common fish on the 
British coast. Its bones, like those of all its congeners, are 
green; and therefore the fish, although good eating, ds dis- 
liked by many persons. Some species attain a length of five 
feet. 

ScoMBRESOX. — Both jaws are prolonged into a long slender 
beak. A number of detached finlets behind the dorsal and anal 
fins. 

The “ Saury ” or '^Skippef ” resemble the Gar-pike, but 
the teeth in the jaws are minute; they seem to feed chiefly 
on soft pelagic animals. In their habits they are still mere 
p^agic; and the young, in w’hich the beak is still unde- 
yeloped, are met with everywhere in the open ocean, in the 
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Atlantic well as in the Pacific. The European species, Sc. 
sau7ms,Hs not rare on the British coast; four otlier species 
have been described, closely allied to Sc. srmrifs. 

Hemirii^mphus. The lower jaw only is prolonged into a 
long slender beak. 

In the young both jaws are short; the upp(;r is never 
prolonged, the«ntermaxillari(‘s forming a triangular, more or 
less convex, plate. The “Half-beaks” ar(‘ common between 
and nbar the tropics ; some forty s])(‘cies are known, none of 
which attain to the same length as tlie (lar-pike, scarcely 
ever exceeding a length ol‘ two feet. Some of the tropical 
species live in fresh water only ; they are of small size and 
viviparous. 

Arrhampiius. — Mouth formed as in llinnhliainpliuH, except 
that the lower jaw is not produced into a beak. Pectoral fins 
moderate length. 

One species {A. schrole^m) from the coast of Queensland 
'not New Zealand); it may l)e regarded as a, HermrJiampJt/us, 
with retarded development of the lower j’aw. 

EXocoetus. — Jaws short, interniaxillaries and jnaxillaries 
;eparate. Teeth minute, rudiniental, and sometimes absent. 
Body moderately oblong, covered with rather large scales. 
?*ectorals very long, an organ of hying. 

Forty-four dilfererit kinds of “ Flying-fishes ” are known 



Fig. 281. — Flying Fish ; Exocoelus callopterus. 


rom tropical and sub-tropical seas ; some have a very wide 
ange, whilst others seem to remain within one particular 
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part of the ocean; thus, the species figured, ^:E. callop- 
teriLS, has been hitherto found on the Pacific side*of the 
isthmus of Panama only. Their usual length is about 10 or 
12 inches, but specimens of 18 inches have been caught. 
They always live in shoals, and their numbers at certain 
times and localities are immense ; thus, at Barbadoes many 
boats engage in their capture, as tliey are e^^xellent eating. 
The pectorals are in the various species of unecpial length ; 
in some they extend to the anal fin only ; in others (and 
these are the best fliers) to the caudal. A Ibw have curious, 
barbel-like appendages at the lower jaw, which may disappear 
with age or be persistent throughout life. The literature on 
the sul)ject of Plying-fishes is very extensive, and great diver- 
sity of opinion exists among observers as regards the mode 
and power of their flight; but the most reliable agree that 
the fishes do not leave the water for the purpose of catching 
insects (1), and that they are unable to move their fins in the 
manner of a bat .or bird, or to change voluntarily the direc- 
tion of their flight, or to fly l)eyond a very limited distance. 
The most recent enquiries are those of K. Mobius (“ Die 
Bewegungen der Fliegenden hische durch die Luft, Leip. 
1878, 8vo), the chief results of which may be summed up 
thus: ITying-fish are more frequently observed in rough 
weather and in a disturbed sea than during calm ; they dart 
out of the water when pursued by their enemies, or frightened 
by an approaching vessel, but frequently also without any 
apparent cause, as is also observed in many other fishes ; 
and they rise without regard to the direction of the wind or 
waves. The fins are kept quietly distended, without any 
motion, except an occasional vibration caused by the air 
'Wh^ the surface of the wing is parallel with the cur- 
rent of the wind. Their flight is rapid, but gradually ^de- 
^ in velocity, greatly exceeding that of a ship going 

an hour, and a distance of 500 feet. - Generally, it 



PIKE. 


623 


is longcF when the fishes fly against than with or at an angle 
to the wind. Any vertical or horizontal deviation from 
straight line is not caused at tlie will of the fisli, l)ut by cur- 
rents of the air ; tluis they retain a liorizontally straight 
course when liyiiig with or against the wind, but are carried 
towards the rigiit or left wluinever tlie direction of tlie wind 
is at an angy3 with tluit of their lliglit. However, it some- 
times liappens tliat tlie lisli during its lliglit ininierses its 
caudal fin in the water, and by a strokes of its tail turns 
towards the right or lelt. In a calm tlie line ot their flight 
is always also ve.rtically straight, or rather jiambolic, like the 
course of a projectile, but it may lieconie undulated in a 
rougli sea, when they are flying against tlie course of the 
waves ; they then frequently oveuiop cuicli wave, being car- 
ried over it by the pressure of the disturbed air. Flying- 
fishes often, fall on board of vessels, luit this never happens 
during a calm, or from the lee side, but during a breeze only, 
and from the weather side. In daytime tliey avoid a ship, 
flying away from it; but during the night, wlum tliey are 
unable to see, tliey freipiently fly against the weather-board, 
where they are caught by the current of air, and carried 
upwards to a height of 20 feet above the surface of the 
water, while, under ordinary circumstances, they keep close to 
it. All these obser\'ations point clearly to the fact that any 
deflection from a straight course is due to external circum- 
stances, and not to voluntary action on the part of the fish. 

Tenth Family — E.sociDyi<:. 

Body covered 'with sccdcs ; harhcls none. Margin of the 
wpiger jav: formed, hy the inter tries mesially^ a.nd hy the 
maxillaries laterally. Adipose fin none ; the dorsal fin belongs 
to the caudal portion of the vertebred column. Stomach witKout 
blind sac ; pijloric appendages none, Pseudobranchice glandu- 
lav, hidden ; air-bladder simple f giUr opening very wide, ; 
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This family includes one genus only, Esox, the Kkes,” in- 
%habitants of the fresh waters of the temperate parts of Europe, 
Asia, and America, The European species, E, lucAus, inhabits 





Fig. 282. -The Pike. (Esox liic.iiis.) 


all three continents, but the North American waters harbour 
five, or perliaps more, otlier species, of which the “ Muskel- 
lunge,” or “ Maskinonge” {E. cstor) of the Great Lakes attains 
to the same large size as tlie common rike. The otlier species 
are generally called “ Pickcrell” in the United States. 

Fossil Pike, belonging to the existing genus, have been 
found in the freshwater-chalk of Oeningen, and in. the diluvial 
marl of Silesia, liemains of the common Pike occur in 
abundance in (piaternary deposits. 

Eleventh Family — Galaxiid^e. 

Body naked ^ harhcls none. Margin of the ehiefly 

formed hy the intermaxillaries^ vjhicli are shorty and eontinued 
hy . a thick lip, hehind vjhich are the maxilla, rics. Belly 
rounded ; adipose Jin none ; dorsal opposite to anal. Pyloric 
appendages in small nurr^er, Ai^-hladder large, simple; pseudo- 
iranchim none. The ova fall into the cavity of the abdomen 
before eoeclusion. 

Small ’freshwater fishes of the southern hemisphere, be- 
long^lg to two genera, Galaxias and Neochanna. Of the 
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former genus live species are found in New Zealand, where 
this type IS most developed, three in New South Wales, two' 



Fig. 283.— Galaxias triittacens, from Tasmania. 


in Tasmania, and four in tlio soutluirn extremity of South 
America. Their native name in New Zealand is “Kokopu,” 
and they were diguitied with the name of “ Trout” hy the 
settlers beloro tiie introduction of true Sahnonidax They 
rarely e.xceed a length of ciglit inches. Neochmina is a de- 
graded form of Galaxias, from wld(;h it diHers liy tlio absence 
of ventral fins. This fish has Idtlierto been found only in 
burrows, which it excavates in clay or consolidated mud, 
at a distance from water. 


Twelfth EA]\nLY — M okmyihdh:. 

Body and tail scaly ; head scalclcss ; harhcls none. The 
niaryin of the upper jav) is formed in the middle hy the inter- 
maxillai ies, which coalesce into a sinylc honCj and laterally hy 
\he maxillaries, Suh- and inlerwjierculvnn present, the latter 
ixry small. On each sale of the sinyle parietal hone a cavity 
\eading into the interior of the skull, anul covered with a thin 
lony lamella. All the fins awe vjcll developed, in Mormyrns ; 

caudal, anal, and ventral fins are absent, in Gryrniiarclius. 
N'o adipose fim. Pseudohranehice none (jill-openinys reduced 
b a short slit. Air-bladder simile. Two coeca pylorica 
behind the stomach. 

Tliis family is characteristic of the freshwater fauna of 
ropical Africa. Of Mormyrus (including Hyperopisus 

2 s 
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Mormyrops), fifty-one species are known, of wliick. eleven 
%occnr in tke Nile. Some attain a lengtli of tliree or lour feet, 
others remain small. Their flesh is said to have an excellent 
flavour. The species figured (and probably other allied 



Fig. 284. — Morniynis oxyrliyiicliiis. 


species) was an object of veneration to tbe ancient Egyptians, 
and, therefore, frequently occurs in their emblematic inscrip- 
tions. They abstained from eating it because it was one of 
three different kinds of fislies accused of having d(^voured a 
member of the body of Osiris, which, tlicrefore, Isis was unable 
to recover wlien she collected tlic rest of the scattered mem- 
bers of her husband. 

The Mormyri possess a singular organ on each side of the 
tail, without electric functions, but evidently representing a 
transitional condition from muscular substance to an electric 
organ. It is an oblong capsule divided into numerous com- 
partments by vertical transverse septa, and containing a gela- 
tinous substance. The Mormyri differ much with regard to 
the extent of the dorsal and anal fins, the former sometimes 
occupying the greater portion of the length of the back, 
sometimes being much shorter and limited to the tail. In 
some the snout is short and obtuse, in others long and 
decurved, with or wit^^out apj^ndage. 

Of Gymnarchus one species only is known, G, niloticus, 
which . occurs in the Nile and West African rivers, and 
'ajitains a length of six feet. The form of its body is eel-like, 
and each jaw is armed with a series of incisor-like teeth. 
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Like inyriiSy GyrrinciTclius posseses a pseudo-electric organ; 
thickest on the tail, tapering in front, and extending nearl}’*^ 
to the head. It consists of four nieinbranaceous tubes inti- 
mately connected with the surrounding muscles, and con- 
taming prismatic bodies arranged in the manner of a pater- 
iiostci. The air-bladder ol Gyinnai'clius is cellular, very 
extensible, a»d communicates witli the dorsal side of the 
oesophagus by a duct possessing a spldncter. 

[See ErcU, Muuchner Gelelirte Anzeigcii, TS 16 , xxiii., and Hyrtl, 
Denkschi*. Akad. Wiss. Wien. xii.] 


Thiuteenth Family — STEUN oPTYciiindc. 

Body naliXd^ or with very th/ui d(xiduoiis .scales; harbcls 
none. Margin of the upper jam formed hy the maxillary and 
intermaxUlary, both of veliieh are toothed ; opercular a ppar at ns 
not completely developed. Oili-opening very wide ; pseudo- 
bra/nchim present or absent ; air-bladder simjde, if present, 
A.dipose f n present., but generally Tudinienteiry, ScricH of pdios- 
phorescent bodies along the lower parts. The eggs are enclosed 
in the sacs of the ovarium, and excluded by ovidueis. 

Pelagic and Deep-sea fishes of small size. 

Sternoityx. — Trunk rnucli elevated and compressed, with 
the trunk of the tail very short. Body covered witli a silvery pig- 
ment, without regular scales ; scries of phosphorescent spots run 
along the lower side of tlie head, body, and tail. Cleft of the 
mouth wide, vertical, with the lower jaw prominent. Jaws 
armed with small teeth. Eyes rather large, and although lateral, 
directed upwards and placed close together. Ventral fins very 
small. A series of imbricate scutes runs along the abdomen, 
forming a kind of serrature. The dorsal fin is short, and occu- 
pies about the middle of the length of the fish ; it is preceded by 
the first commencement of the formation of a spinous dorsal, 
several neural spines being profonged beyond the dorsal muscle 
forming a triangular osseous plate. Adipose fin rudimentary f 1 
anal short ; caudal forked. 
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These small fishes are now and then picked nfr in the 
Mediterranean and Atlantic. According to the dredging- 
records of the “ Challenger,” they and the allfed genera Argy- 
ropelecus and Pohjipnus would descend to deptlis of respectively 
1100 and 2500 fathoms; buttlie form of their body and their 
whole organisation render this statement very improbable ; 
they most likely live at a small depth during ^hc day-time, 
coming to the surface at night, like many Sco 2 )d'iis. 

Coccia and MauTolicus are two other genera allied to the 
preceding. 

Chauliodus. — Body elongate, compressed, covered with ex- 
ceedingly thin and deciduous scales; series of luminous (phos- 
phorescent) spots run along the lower side of the head, body, 
and tail. Head much compressed and elevated, with the bones 
thin, but ossified, and with the opercular portion very narrow, 
the interoperculum being rudimentary. Cleft of the mouth ex- 



ceedingly wide, the intermaxillary forming one half of the upper 
jaw. Each intermaxillary with four long canine teeth ; edge of 
the maxillary finely denticulated ; mandible with pointed, widely 
set teeth, the anterior of which are exceedingly long ; none of 
the large teeth are received within the mouth. Palatine with a 
single series of small pointed teeth ; no teeth on the tongue. 
Eye of moderate size. Pectoral and ventral fins well developed. 
Dorsal, fin anteriorly on* the trunk, before the ventrals ; adipose 
fin small, sometimes fimbriated; anal short, rather close to the 
caudal, which is forked. Gill-opening very wide, the outer 
branchial arch extending forward to behind the symphysis of 
‘the, lower jaw ; it has no gill-rakers. Branchiostegals numerous. 
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This genus, of which one species only {Ch, sloanii) is 
known, is generally distributed over the great depths of the 
oceans, and does not appear to be scarce; it attains to a 
length ol 12 inches, and must ])e one of the most formidable 
fishes of prey of the deep-sea. 

Allied gemera are Gonodoina^ PhoficlifJiys, and Di])lo]ihos, 
all of which have the teetli of much smaller size. 

Toueteenth IAmji.y — S xoiyijATiDyv;. 

Skin naked, or with cxeeedua/ly delicale scales; et hyoid 
harhel. Margin of the virper jaie fornied lay the inter inaxiUetry 
and maxillary which, are hath, loolhed ; opercidar ajyparedits 
hut little developed. Gill-o'f )enm^^^^ very vAcle ; pseialohranehiev 
none. The eggs are enclosed in the sacs of the ovarium, and 
excluded hy or/id nets. 

Deep-sea fishes, descending to the greatest depths, cliarao 
terised by their barbel and their formidable dentition. 



Fig. 286. — Astronesthfs nujrr. Tlic vvliit« spots in front of tlie eye are 
ph OS} )1 loresce nt o rga ns. 


Some havo two dorsal fins, the posterior of which is adi- 
pose ; they belong to the genus Astroncsthes, are the smallest 
of the family, and frequently ihet with in the Atlantic. 

The others — viz. Stomias, Ecliiostoma, Malacosteus, and 
Bhthyophis, lack the adipose fin, the rayed dorsal being 
opposite to the anal. Of these the one longest known is 

Stomias. — B ody elongate, compressed, covered with exceed- 
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ingly fine and deciduous scales, which are scarcely imbricate, 
lying in subhexagonal impressions ; vent situated at no great 
distance from the caudal fin. Head compressed, with the snout 
very sh^rt, and with the cleft of the mouth very wide. Teeth 
pointed, unequal in size, those of the intermaxillaries and of the 
mandible being the longest ; maxillary finely denticulated ; 
vomer with a pair of fangs ; palatine bones and tongue with 
smaller pointed teeth. Eye of moderate size. Opercular portion 
of the head narrow. A fleshy barbel in the centre of the hyoid 
region. Dorsal opposite the anal, close to the caudal ; pectoral 
and ventral fins feeble, the latter inserted behind the middle of 
the length of the body. Series of phosphorescent dots run along 
the lower side of the head, body, and tail. Gill-opening very 
wide. Pyloric appendages none. 

Three species are known ; beside specimens which were 
found floating on the surface, others have been dredged from 
depths varying between 450 and 1800 fathoms. 


Eifteentii Family — SALMON iim^:. 


Body genercdly covered ivitli scales; head naked; Imrbels 
none. Margin of the nirper jaw formed by the intermaxillaries 
mesially, and by the maxillaries later cdly. Belly ronnded. A 
small adipose fin behind the dorsed. Pyloric appendages gener- 
ally numerous^ rarely absent. Air-bladder larger simple ; 
psendobranehioe present. The ova fall into the cavity of the 
abdomen befm'c exclnsion. 

Inhabitants of the sea and freshwater; the majority of 
the marine genera are deep-sea forms. The freshwater forms 
are peculiar to the temjierate and arctic zones of the IsTorthern 
Hemisphere, one occurring in Hew Zealand; many fresh- 
water species periodic^ ly or occasionally descending to the 
sea. One of the most valuable families of the class Of 
, fishes. Ho fossils of the freshwater forms are known; buthf 
^ marine genera, Osmerus occurs in the greensand of Ibben- 
and in the schists of Grlaris and Licata ; a species of 
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Mallotus, indistiiiguislial)]o from the living M. villosus, occurs 
abundantly in nodules of clay of unknown geological age in 
Greenland. Other genera, as (huicroides, Acroijnatlim, and 
Aulolcpis, from tlie clialk of Lewes, belong to the same fauna 
as species of Beryx, and were probably deep-sea, Salmoiioids. 

Salmo. — ilody cov<‘ix‘(l witli small scales. (Jleft of the 
mouth wide, the maxillary (‘xtcudiiig to helow or Ix'youd the 
eye. Dentition well (hjveloped ; conical tci^th in the jaw bones, 
on the vomer and palatines, and on the tongue, none on the 
pterygoid bones. Anal short, with less than foni’teen rays. 
Pyloric appendages numerous ; ova large;. Young specimens 
with dark cross-bands (PaiT-marks). 

We know of no other groii]) of fishes which offers so many 
ditficulties to the ichthyologist with regard to the distinction 
of the species as well as to certain points in their life-history, 
as this genus, although this may be partly due to the unusual 
attention which has been given to their study, and which has 
revealed an almost greater amount of unexjilained facts than 
of satisfactory solutions of the (piestions raised. The almost 
infinite variations of these lishes are dependent on age, sex 
and sexual development, food, and the pro[)erties of the 
water. Some of the spiecies interbreed, and tla; liybrids mix 
again with one of the parent species, tlms producing an off- 
spring more or less similar to the pure breed. The colora- 
tion is, first of all, sidiject to variation ; and consecpiently 
this character but rarely assists in distinguisliing a species, 
there being not one which would show in all stages of de- 
velopment the same kind of coloration. The young of all 
the species are larred ; and this is so constantly the case that 
it may be used as a generic of even a!5 a family character, not 
being peculiar to Salmo alone, but also to Thymallus and 
probably to Cor eg onus. The number of bars is not quite 
constant, but the migratory Trout have two (and even three) 
more than the Eiver- Trout. In some waters Eiver-trput 
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remain small, and frequently retain the Parr-marks all their 
lifetime ; at certain seasons a new coat of scales overlays the 
Parr-marks, rendering them invisible for a time; but they 
reappear in time, or are distinct as soon as the scales are 
removed. When the Salmones have passed this ‘"Parr” 
state, the coloration becomes much diversified. The males, 
especially during and immediately after tlie spawning time, 
are more intensely coloured and variegated than the females ; 
specimens which have not attained to maturity retaining a 
’ brighter silvery colour, and being more similar to the female 
fish. Food appears to liave less inlluence on the coloration 
of the outer parts than on that of the flesh ; thus the more 
variegated specimens are frequently out of condition, whilst 
well-fed individuals with pinkish flesh Jire of a more uniform 
though bright coloration. Chemistry has not supplied us yet 
with an analysis of the substance which gives the pink colour 
to the flesh of inapy Salmonoids; but there is little doubt 
that it is identical with, and produced by, the red pigments 
of many salt- and fresh- water Crustaceans, which form a 
favourite food of these fishes. The water has a marked 
influence on the colours ; Trout with intense ocellated spots 
are generally found in clear rapid rivers, and in small open 
Alpine pools ; in the large Jakes with pebbly bottom the fish 
are bright silvery, and the ocellated spots are mixed with or 
replaced by X-shaped black spots ; in pools or parts of lakes 
with muddy or peaty bottom, the trout are of a darker colour 
generally, and when enclosed in caves or holes, they may 
assume an almost uniform blackish coloration. 

The change of scales (that is, the rapid reproduction of 
. the worn part of the scales) coincides in the migratory species 
with their sojourn in the sea. The renovated scales give 
them a bright silvery appearance, most of the spots disappeai^ 
ing or being overlaid and hidden by the silvery scales. Xow, 
some of the species, like S, fario, inhabit all the different 
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waters indicated, even brackish water, ^ind, in consequence, 
we find a great variation of colour in one and the same species^ 
others are more restricted in their halntat, like S. salar, 
S. ferox, etc., and, therefore, their coloration may be more 
precisely defined. 

With regard to mzc the various species d(j not present an 
equal amount of variation. Size ap])ears to de])end on the 
abundance of food and the extent of tlie water. Tims, the 
Salmon and the different kinds of great Lake-trout do not 
appear to vary considerably in size, l)ecause tli(\y find tlie 
same conditions in all the localities inliabited by them. A 
widely spread species, however, like S.fario, when it inhabits 
a small mountain pool witli scanty food, may never exceed a 
weight of eigiit ounces, wliilst in a large lake or river, where 
it finds an abundance and variety of food, it attains to a 
weight of fourteen or sixteen pounds. Sucli large liivau-trout 
are frequently named and described as Salmon -trout, Lull- 
trout, etc. Iniither, in Salmones, as in the majority of fislies 
and tailed Batracheans, there is an innate diversity of growth 
in individuals hatched from the same spavm. Sona^ grow 
rapidly and normally, otli(3rs more slowly, and some remain 
dwarfed and stationary at a certain stag(3 of develoy)ment. 

The of the variouH i>ar(s of the Ijodj/ to one 

another vary exceedingly in one and the sam(3 species. Be- 
side the usual changes from tlui young to the sexually 
mature form observed in all fishes, the snout undergoes an 
extraordinary amount of alteration of shape. In the mature 
male the intermaxillaries and the mandible are produced in 
various degrees, and the latter is frequently more or less bent 
upwards. Hence the males have flie snout much more 
pointed and produced, and the entire head longer, than the 
females ; with the intermaxillary bone the teeth, with which 
it is armed,, are also enlarged, sometimes to four times the 
size of those of the females. And if this development of the 
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front part of the head happens to be going on while the 
individual is able to obtain only a scanty supply of food, the 
usual proportions of the head and trunk are so altered that 
the species is very difficult to recognise. Barren male fish 
approach the females in the proportions of the head and 
body, but hybrid fishes do not diifer in this respect from their 
parents. The abundance or scarcity of food, and' the disposi- 
tion or indisposition of tlie Salmonoids to feed, are other 
causes affecting the growth or fulness of the various ^^arts of 
the body. In well-fed fishes the head is })roportionally not 
only smaller but also shorter, and vice, versa. 

The fins vary to a certain degree. The variation in the 
number of the rays is inconsiderable and of no value for 
specific distinction. The caudal fin undergoes considerable 
changes of form with age, and dependently upon the sexual 
development. Young specimens of all species have this fin 
more . or less deeply excised, so that the young of a species 
which has the caudal emarginate throughout life, is distin- 
guished by a deeper incision of the fin, from the young of a 
species which has it truncate in the adult state.. As the 
individuals of a sjiecies do not all attain to maturity at the 
same age and at the same size, and as mature individuals 
generally have the caudal less deeply excised than immature 
ones of the same age and size, it is evident that the varia- 
tions in the form of the caudal are considerable and numerous, 
and that it is a very misleading character if due regard be not 
paid to the age and sexual development of the fish. Further, 
species inhabiting rapid streams as well as still waters show 
considerable variations in the form and length of all the fins ; 
those individuals whicB live in rapid streams, being in almost 
constant motion and wearing off the delicate extremities of 
the fins, have the fin-rays comparatively shorter and stoutfir, 
^nd the fins of a more rounded form, particularly at the 
corners, than individuals inhabiting ponds or lakes. More- 
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over, one and the same individual may pass a part of its 
life i; a lake, and enter a river at ccntaiii periods, tlni^ 
chap the form of its hiis almost ])eriodically. 

!£inally, to complete our enumeration of tlu'se variable 
characters, we must mention tliat in old males, during and 
after the spawjiing-sea.son, the slln on the l)aek l)ecomes 
thickened an?l spongy, so that tlie scah^s are (piite invisible, 
being imbedded in the skin. 

After this cursory review of variabh) characters we pass 
on to those wliich are more constant, not sul)ject to ready 
modification by exteiiial circu instances ; and which, therefore, 
ought to be noticed in eveny description of a species of Salmo. 

1. Thefornh of the prcmjKrciduin of ike (ulalt fish. — The 
pneoperculum is composed of a veidical (postiuior) and hori- 
zontal (lower) ])art (limb), botli meeting at a inore or less 
rounded angle. The development of the lower limb is a very 
constant character ; in some species (as in the Salmon) it is 
long, in others (aS. ferOd', aS. Iracliyimiui) exceculingly short. 
The adjoiiiing woodcuts will readily show this difference. 



In young specimens of all Salmonoids the praeopercnlum 
Hhs a very short lower limb; but whilst in some species it, 
lengthens with age, its development in a horizontal direqti<>li: 
is arrested in others. 
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2. The width and strength of the maxillary of the adidt 
jish , — To show this character in two distinct species, we have 
given woodcuts of the maxillaries of females (12 inches long) 
of S. fario and S. levenensis of the same size. 



A B 

Fig. 288. — Maxillary of A. Saliiio fario ; B. Salino levenensis. 


In young specimens of all Salmonoids the maxillary is com- 
paratively shoi'ter and broader, somewhat resendding that of 
Corcgonns ; yet this bone offers a valu- 
able character for tlie determination of 
the young of some sx)ecies ; for in- 
stance, in a young S, eamhricus it ex- 
tends scarcely to below the centre of 
the e}'e, whilst in & fario of the same 
size it reaches to, or even beyond, this 
point. 

3. The si^e of the teeth, those of the 
intcrmaxill aries excepted, 

4. The arramjeme/ni, and the per- 
manence or deciduousness of the vomer- 
ine teeth . — In some species the vomer 
is normally armed with a double or 
single series throughout life, although* 

Fig. 289.— Vomerine teeth of course, soiiie of the teeth are fre- 
of Saimo saiar (Salmon). A. Q^igntly accidentally lost ; ii^ others, 

these teeth disappear gradually with 
age, the hinder ones fft-st, so that finally the anterior only 
, remain. In order to ascertain the arrangement of the teeth, 
it is necessary to remove the gengiva. Trequently the teefli 
stand in a distinctly double or single series, or they are placed 
alternately ; but frequent irregularities occur which render 
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the clia^acter vague, or even unsafe, so that some zoologists 
have rejected it entirely as unreliable. However, wlien 


Fig. 290.--Voinoriuc teetli of Fig. 2U1. - \%,n,eriue teeth of 

Salnio fario, ^ower view. -i 

greater number of individuals really belonging to the same 
species arc examined, a pretty sale eoiudnsion may be arrived 
at as regards the aiTaiigement of tlie te(;tli. 

5. Tilt for) ih of the (miital fm in s})ecim(‘ns of a given size, 
age, and sexual development. 

6. A ffveat (tevdopmtiit of the peetored fjis^ when constant 
in individuals from tlie same locality. 

7. The size of the se/des, as indicated by tlie number of 
transverse rows above the lateral line: one of the most con- 
stant charatders. 

8. The miriihcr of vertcbivz — Considering tlie great number 
of vertebrm in Salmonoids tlie constamy of this character is 
tridy surprising. An excess or a diminution of the normal 
number by two, is of rare occurrence, and generally to be ex- 
plained by the fact that one vertelira has liemi abnormally 
divided into two, two such vertebne being considerably 
smaller than tlie others ; or, on the otlier hand, that two have 
merged into one centrum, which is then unusually large, and 
provided with two neural spines. We liave seen one case 
only, in which three vertebra; were united. The number of 
vertebral can be easily ascertained in specimens destined for 
preserviffcion in spirits, by an incision made along one side of 
the fish, a little above the latejvil line.,, 

9. The number of p)ylovic appendwjes, — There can be no 
(^ubt that this character may materially assist in fixing a 
species. We shall see that in some species it varies from 30 
to 50 ; but in others, as in the Salmon and ChaiT, it has been 
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found very constant (see Fig. 56, p. 131). If unexpected 
4^ariations occur, their cause may be found in a partial con- 
fluence of the CcCca, as we have observed that specimens of 
S, levenensis (a species normally with Irom 70 to 90 creca), had 
those appendages of unusual widtli wlien the normal number 
was diminished. 

We have mentioned above tliat many points in tlie life- 
history of the Salmonoids still remain very obscure : 

1. Johnson, a correspondent of Willughby (“ Hist. Pise.,’’ 
p. 194), had already expressed liis belief tliat tlie different 
Salmonoids interbreed ; and tliis view has since been shared 
by many who have observed tliese fislies in nature. Hybrids 
between the Sewin {S. canibricus) and tlie Piver Trout (S.fario) 
were numerous in the lUiymney and otlier rivers of South 
Wales, before Salmonoids were almost exterminated by the 
pollutions allowed to pass into those streams, and so variable 
in their characters tliat the passage from one species to the 
other could be demonstrated in an almost unbroken series, 
which might induce some naturalists to regard both species 
as identical. Abundant evidence of a similar character has 
accumulated, showing the fre(|uent occurrence of hybrids be- 
tween S, fario and S. trutta ; hybrids between S. fario and 
species of Charr have been abundantly bred by continental 
pisciculturists. In some rivers tlie conditions appear to be 
more favourable to hybridism than in others, in which 
hybrids are of comparatively rare occurrence. Hybrids be- 
tween the Salmon and some other species are very scarce 
everywhere. The hybrids are sexually as much diveloped 
as the pure breed, but^ nothing whatever is known of their 
further propagation and progeny, 

2, Siebold has shown that some individuals of eve:^ 
species are not sexually developed, and that such individuals 
differ also externally from those normally developed. How- 
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, hfc appears to have gone too far when lie stated that 
this state of sterility extends over the wliole existence of siiclj 
individuals, and that, therefore, tlie external peculiarities also 
remain permanent throughout life. According to Widegren 
this sterility is merely a toni](orary immaturity, and a part of 
the individuals arrive at a lull sexual develojunent at a later 
or much latej, period than others. To this we may add that 
many Salmonoids cease to pro])aga(.e their sjK'cies alter a 
certain age, and that all .so calhal oiaugrown individuals 
(that is, specimens much exceeding the usual size of the 
species) are harren. lixternally they retain tlie normal 
specific characters. 

The Salmon oilers a most I'cmarkahle in.sl.ance of irrem- 

'to 

larity as regards the age at wliicli. the individuals arrive at 
maturity. Shaw has deiiionsti'ated, in the most conclusive 
manner, tliat tliose small Salmonoids, wliicli are generally 
called Parr, are tlie otlspring of the Salmon, and that many 
males, from 7 to 8 inches long, have their sexual organs fully 
developed, and that their milt has all the im])regnating jiro- 
perties of the seminal Iluid of a much older and larger fish. 
That this Parr is not a distinct species — as has been, again 
im^intained by Couch — is further jiroved by the ('ircumstande 
that these sexually mature Parr are absolutely identical in 
their zoological characters witli the immature Parr, wliich are 
undoubtedly young Salmon, and that no Parr has ever been 
found with mature o\ a. Put whether tliese Parr produce 
normal Salmon, impregnating the ova of female salmon, or 
mingle with the Piiver-trout, or whether they continue to 
grow aiH propagate their species as fully developed Salmon, 
are questions which remain to j)e answered. We may only add 
that, as far as we know, barren old Salmon are extremely scarce. 

3. The question whether any of the migratory species 
can be retained by artificial means in fresh water, and finally 
accommodate themselves to a permanent sojourn therein^ 
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must be negatived for the present. Several instance^ of suc- 
cessful experiments made for this purpose have been brought 
forward ; but all these accounts are open to serious doubts, 
inasmuch as they do not afford us sufficient proof that tlie 
young fish introduced . into ponds were really young migra- 
tory Salnionoids, or that the full-grown specimens were 
identical with those introduced, and not hybrids or non- 
migratory Trout of a somewhat altered appearance in conse- 
quence of the change of their locality. We have seen the 
experiment tried at two places in South Wales, and in both 
cases the Salmon and the pure Sewin died when not allowed 
to return to the sea. On the other hand, hybrid lishes from 
the Sewin and the Trout survived the experiment, and con- 
tinued to grow in a pond perfectiy shut up from communica- 
tion with the sea. In that locality neither those hybrids nor 
the trout spawn. 

4. Although the majority of the mature individu^ds of a 
migratory species ascend a river at a certain fixed time before 
the commencement of spawning, others enter the fresh-water 
at a much earlier jDeriod, either singly or in small troops ; 
and many appear to return to the sea before they reascend 
at the time of the regular immigration. It is not improbable 
that one and the same individual may change the salt- or 
fresh-water several times in the year. However, this is the 
case in certain rivers only, for instance, in those falling into 
the Moray Firth ; in others one immigration only is known 
to occur. The cause of the irregular ascents previous to the 
autumnal ascents is unknown. A part, at least, of the hybrid 
fishes retain the migratory instinct; but it is not known 
whether sterile individuals accompany the others in their 
migrations. 

5. It is said that the migratory species invariably return 
to the river in which they are bred. Experiments have 
shown that this is normally the case ; but a small proportion 
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appearto stray so far away from their native place as to be 
unable to find their way back. Almost every year SalmoiT 
and Sea-trout in the Grilse-state make their appearance at 
the mouth of theTliames(w].ere the migrating Salmonoids 
have become evtinct for many years), ready to reasceud and 
to restock tins river as soon as its j.oisoned water shall be 
sufficiently ptrified to allow them a ])assage. 

6. There has been much disj.iite about the time rerpiired 
for the growth of Salmonoids. -The numerous and aj.phrently 
contradictory observations tend to shmv that there is a great 
amount of variation even among individuals of the same 
origin living under the same circiim.stances, some 'of them 
growing much more quickly than others, and l.eing ready 
to descend to the sea twelve months bei'ore their brethren. 
The cause of this irregularity is not ex))lained. On the other 
hand, vdieii we consider the fibrous condition of the Sal- 
monoid skeleton, which is much less solid, and more want- 
ing in calcareous substance, than that of the majority of 
Teleosteous fishes, we shall lie quite pnqiared to adopt 
the truth of the oliservation that the young Salmonoids 
return to the fresh water, after a few month.s sojourn in 
the sea, and after having feasted on nourishing Crustaceans, 
Sand-eels, etc., with tlieir former weight in ounces increased 
"vO pounds. 


7. Liability to variation in form indicates that an animal 
3an adapt itself to a variety of c iron instances ; tlierefore, such 
jpecies as show the greatest jiliability in tliis res})ect, are 
Lose which njost recommend themselves for domestication 
md acclimatisation witliin certain climatic limits. Thi^^, the 
^iver-trout or Sea-trout were Very proper subjects for those 
eminently successful attemj3ts to establish them in similar ' 
latitudes of the Southern Hemisphere, whilst the attempt of, 
ransferring them into the low hill-streams of India ended (aa ' 
ould be foreseen) in a total failure. Those two species must 
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now be considered to be fully acclimatised in Tasmattia and 
New Zealand, and with but little protection may be expected 
to hold their own in the freshwaters of those colonies. Whe- 
ther the acclimatisation of the Salmon will be in the end 
equally and permanently successful, remains to be seen. The 
true S. salar is not subject to variation, and is very sensitive 
to any change of external conditions, and to tvery kind of 
interference with its economy. The fourth species, with 
which attempts of acclimatisation in Southern Australia have 
been made, is a migratory Salmon from the Sacramento river 
in California. This experiment is still in progress, and be- 
lieved to be promising of success. It will be a most curious 
problem to ascertain, liow much the original characters and 
habits of those species will be affected l)y their transference 
to so distant a part of the ghjbc. At ])resent it would be too 
hazardous to offer an opinion on this point, especially as it is 
a fact that numerous cross-breeds have been introduced into, 
and reared in, Tasmania, which must more or less interfere 
with the characters of the pure breeds. 

It is apparent, from tire foregoing renlarks, that the dis- 
tinction of the various species of Salmouiifte is a matter of 
considerable difficulty, and tliat there is scope for great 
diversity of opinion. At any rate it is only by a close, long- 
continued study, and constant comparison of specimens of 
various ages and from various localities, that one is enabled 
to find a guide through fjie labyrinth of confusing variations. 
However, it is a significant fact that the very same characters 
by which we are enabled to distinguish European species 
occur, again, though in an exaggerated form, in American 
Salmonoids (which e\*crybodj^ will admit to be of distinct 
' ' species), and therefore our faith in them necessarily becomes 
strengthened. In accordance with acknowledged principifs 
■ in zoology, forms which differ from their congeners by a com- 
' : Mnafion of two or more of constant characters, are to be 
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distingtiished under distinct specific names. Most likely they 
have been derived, at a not very remote period, from comrnoS 
ancestors, but the question of tl.eir specific distinctness is no 
more affected by this consideration tlian the question whether 
Salmo and Vorcfpnm are distinct genera. Wlienever tlie 
zoologist observes two forms distingnislied l.y pecnliaritiivs of 
organisation, Sncli as cannot be C()ncei\’c(l to bo the effects of 
an external or internal cause, <lisap])earing with tlio disap- 
pearance of tliat cause, and wlricli forms ba vt! been propagated 
and are being propagated uniformly tlirongli all the genera- 
tions within tlie limits of our observations, and are yet most 
probably to be propagated during tlie existence of mankind, 
he is obliged to describe these forms as distinct, and they will 
commonly be called species. 

Ihe species of the genus Salmo are inliabitants of the 
temperate and arctic zones of tlie Northern Ilemisphere ; the 
species are most abundant in tlie northern parts of tlie tem- 
perate zone, liecoming scarcer beyond the Arctic circle, and 
in the warmer parts towards the south. The southernmost 
points in which Salniones are found, are, on the American 
continent, the rivers falling into the head of the (!alifornian 
Gulf, and in the Old World the monntain rivers of the Atlas 
and Hindu Kush. The Salniones from those localities 
are migratory Trout in the New World, non-migratory and 
small in the Old. Those species which range to the highest 
latitudes (hit. 82°) belong to the division of Cliarr, a group 
which generally are more intolerant of a^ moderate temperature, 
than real Trout. The genus is subdivided into 

a. Salniones — Salmon and Tj;oiit — with teeth on the body of 
ihe vomer as well as its head (see Figs. 289 and 290). 

b, Salvclini Gliarr — with teeth on the head of the vomer 
aifly (see Fig. 291). 

Of the host of species (the majority of which is unfortui* ' 
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nately very insufficiently characterised) we enumerate the 
fallowing 

a. Salmones. 

1. S. salar (Salmon ; Lachs or Salm ; Saumon) (Fig. 6, p. 46). 
The Salmon can generally be readily recognised, but there are 
instances in which the identification of specimens i^ doubtful, and 
in which the following characters (besides others) will be of great 
. assistance. The tail is covered with relatively large scales, there 
being constantly eleven, or sometimes twelve in a transverse series 
running from behind the adipose fin forwards to the lateral line, 
whilst there are from thirteen to fifteen in the different kinds of 
Sea-trout and Eiver-trout. The number of pyloric appendages 
(see Fig. 56, p. 131) is great, generally between 60 and 70, more 
rarely falling to 53 or rising to 77. The body of the vomer 
is armed with a single series of small teeth, which at an early 
age are gradually lost from behind towards the front, so that 
half-grown and old individuals have only a few (1-4) left 
The Salmon inhabits temperate Europe southwards to 43 
N. lat., and is not found in any of the 'rivers falling into the 
Mediterranean. In the New World its southern boundaiy is 
41° N. lat. 

2. S. trutta (Sea-trout, Salmon-trout)."— Especially numerous 
in North Britain. 

3. S, cambricus (Sewin). — Wales, South of England, Ireland, * 
Norway, and Denmark. 

4. S. fario (Common Eiver-trout). 

5. S. m.acrosti(jma (Algeria). 

6. lemamis (Lake of Geneva). 

7. S. hrachypoma. — A migratory species from the rivers Forth, 
Tweed, and Ouse. 

'8. S. gallivensis (Galway Sea-trout). 


4 For specific characters and detailed descriptions we refer to Gunther, 

, ‘‘ OataL of Fishes,” voi. vi. 

- ' •.The names “Bull-trout” and “Peal” are not attributable to defiiyto 

apeci^ We have examined specimens of S. salar j S. trutta^ and S. camhricus 
* " which the name “ Bull-trout ” had been given ; and that of 

S ” is given indiscriminately to Salmon-grilse and to S. cambricus. 
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9. *S. orcadensis.—A non-migratory trout from Lougli Stennis, 
in the Orkney Islands. 

10. S. ferox . — The great Lake-trout of North Britain, Wales, 

and Ireland. ’ 

11. S. stomachmis (the Gillaroo of Ireland). 

12. S. nigripinnis from mountain-pools of Wales. 

13. S. leveneusis (Lochleven Trout). 

14. S. oxi from the rivers of the Hindu Kusli. 

15. S.purpumtus from the Pacific coast of Asia and North 
America. 

16. S. macrostoma. — Japan. 

17. S. namaycush.~n\Q great Lake-trout of North America. 



h. Salvelini: Charr. 

1. S. urahla. — The -‘‘Ombre chevalier” of the Swiss lakes. 

2. S.' salvelinus.— TliQ “Sselbling” of the Alpine lakes of 
Bavaria and Austria. 

• 3. S. aJpinus . — ^The eommon Northern Chair, growing to a 
length of four feet, and migratory. , 

4. S. killinensis . — The Loch Killin Chair, Inverness-shire. 

5. S. willughhii . — The Loch Windermere Charr. 

6. S. perisii . — The “ Torgoch ” of Wales. 

7. S. grayi . — The “ Freshwater Herring ” of Lough Mdyin, ; 
Ireland. 
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8. S. colii.~Cha,TT of Loughs Eske and Dan. 

9. S. hurho. The Huchen ’ of the Danube, growing to the 
Size of the Salmon. 

10. S. alipes from lakes in Boothia Felix and Greenland. 

11. S. arcturus. — The most northern species from 82° lat. 

12. S. fontmalis. — The common “ Brook - trout ” of the 
United States. 

13. /S. oquassa, A lake sx)ecies from the State^f Maine. 

Oncorhymhus dilfens from Salmo only in the increased 

number of anal ray.s, widch are more than fourteen. All the 
species are migratory, 'ascending American and Asiatic rivers 
flowing into tlie I’acific. The Californian Salmon (C. qicinnat?) 
belongs to this genus. 

Other allied genera are Brachymystax and Ziidotrutta. 

Plecoglossus. — B ody covered with very small scales. Cleft 
of the 'mouth wide ; maxillary long. Dentition feeble; inter- 
maxillaries with a few small, conical, pointed teeth ; the* teeth 
of the maxillaries and mandibles are broad, truncated, lamellated 
and serrated, movable, seated in a fold of the skin. The man- 
dibles terminate each in a small knob, and are not jointed at the 
symphysis. The mucous membrane in the interior of the mouth 
--between the terminal halves of the mandibles— forms a pecu- 
liar organ, being raised into folds, with a pair of pouches in front 
and a single one behind. Tongue very small, with minute teeth • 
Its apical part being toothless ; palate apparently without teeth.’ 

A small aberrant form of Freshwator-Salmoiioids abund- 
antly found in Japan and the Island of Formosa. 

OsiiERU.s. Body covered with scales of moderate size. Cleft 
of the mouth wide; maxillary long, extending to, or nearly to, 
the hind margin of the orbit. Dentition strong ; .intermaxillary 
and maxillary teeth small, much smaller than those of the maii- 
dible. Vomer with a tr§,iisverse series of teeth, several of which 
are large, fang-like ; a series of conical teeth along the palatine 
and pterygoid bones. Tongue with very strong fang-like teeth 
iantemriy, and with several longitudinal series of smaller ones 
, p^teriorly. Pectoral fins moderately developed. Pyloric ap- 

; ,p»adag6s very short, in small number; ova small. 
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.The Smelt {0. c^jcrlanufi^ is common on many places of 
the coasts of Northern .Europe and America. In the sea It 
grows to a length of eight indies ; but, singularly, it freipiently 
migrates from the sea into rivers and lakes, where its growth 
is very much retarded. Thxt this habit is one of very old 
date, is evident Ironi tlie iact that this small iresliwater i’orm 
occuis, and fs fully acclimatised in lakes wbicli have now no 
open communication with the sea. And still more singularly, 
this same habit, with the same i‘(\sult, lias been observed in 
the Smelt of Xew Zealand nypi nua The 

Smelt is considered a delicacy in luirope, as well as in 
America,, where the same sjiecies occtirs. 'I’wo other allied 
genera, HyjKnnemH and are found on the Paciti(‘. 

coast of North America, the latter Ixung caught in immense 
numbers,and known liytlie name “Eulachon ’’and “Oulaclian;” 
it is so fat, that it is ecpially used as food and as candle. 

Mallotus. — Body covered with minute scales, which are 
somewhat larger along the lat(‘ral line and along each side of the 
belly ; in mature males these scales become elongate, lanceolate, 
densely tiled, with free projecting points, forming villous bands. 
Cleft of the mouth wide ; maxillary vmy thin, lamelliform, ex- 
tending to below the middle of the (ye. Lower jaw the longer, 
partly received between the maxilhiries; Dentition veiy feeble; 
the teeth forming single series ; only the bxith on the tongue are 
somewhat larger and disposed in an elliptical jiatch. Pectoral 
fins large, horizontal, with broad base. Pyloric appendages very 
short, in small number ; ova small. 

The Capelin ” (df. vUIosks) is found on the Arctic C6asts 
of America and of Kamtschatka. It is cauglit in immense 
numbers by the natives, whc| consume it fresh, or dry it for 
use in the winter. Its length does not exceed nine inches. 

^ CoREGONUS. — Body covered with scales of moderate . size. 
Cleft of the mouth small ; maxillary broad, short or of moderate 
length, not extending behind the orbit. Teeth, if present, 
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extremely minute and deciduous. Dorsal fin of moderate length ; 
Oftudal deeply forked. Ova small. 



Fig. 293. — Coregonus oxyrhynclius. 


The majority of thfe species, of which more than forty are 
known, are lacustrine species ; and comparatively few are 



Fig. 294. — Head of Coregonus oxyrhynchus. 


subject to periodical migrations to the sea, like Salmo. They 
are confined to the northern paints of temperate Europe, Asia, 

; atxd. North America. Their .distribution is local, but some- 
;>tiiaes three and more species are found in the same lafe®. 
--They abound in every lake and river of the northern parts of 
and are known by the name of “ White-fish.” 
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They ate of vital importance to some tribes of the native 
population. Tlie European C. oxyrhynchus is* as much •a 
marine as a freshwater species. In tlie Britisli Islands 
several small species occur, viz. C. chqKoidcs, tlie “Gwyniad,” 



Schelly/’ or “ Powen ” from the great lak(;s ; C. vamlcMus, 
the “Vendace” of Lochmabeii ; and O. 'polUin, the “Pollan” 
of the Irish lakes. The latter is bronglit in (|nantities to 
Belfast market during the season, that is, at the time when 
it rises from the deptlis of Lough Neagh to deposit its spawn 
near the shore. Thomson says that in September 1834 some 
17,000 were taken there at three or lour draughts of the net. 
Some of the species of the continent of hlurope and America 
attain to a much larger size than the British species, viz, to 
a length, of two feet. * , 

Thymallus, — P rincipally distinguished from C(yregonus by 
its long many-rayed dorsal fin. 

“ Graylings ” — five species, inhabiting clear streams of the 
north of Europe, Asia, and North America. The best known 
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are the “ Poisson bleu of the Canadian voyageiirs {TIl siy- 
infer), and the European Grayling vulgaris), 

SalaNX. — Body elongate, compressed, naked or covered with 
small, exceedingly fine, deciduous scales. Head elongate and 
much depressed, terminating in a long, flat, pointed snout. Eye 
small. Cleft of the mouth wide ; jaws and palatine bones with 
conical teeth, some of the intermaxillaries and mifiidibles being 
enlarged; no teeth on the vomer ; tongue with a single series 
of curved teeth. Dorsal fin placed far behind the ventrals, but 
in front of the anal ; anal long ; adipose fin small ; caudal forked. 
Pseudobranchiie well developed ; air-bladder none. The entire 
alimentary canal straight, Avitliout bend ; pyloric appendages 
none. Ova small. 

This small, transparent, or whitisli fish {S. chinensis) is well 
known at Canton and other places of the coast of China as 
“ Whitebait,” and considered a delicacy. It is evidently a fish 
which lives at a considerable depth in the sea, and approaches 
the coast only at certain seasons. 

Einally, this family is represented in the deep sea by three 
genera, Argentina, Microstoma, and Bathylagus, of which the 
two former live at moderate depths, and have been known for 
a long time, whilst tlie last was discovered during the ‘‘ Chal- 
lenger” expedition in tlie Atlantic, and Antarctic Oceans at 
depths of 1950 and 2040 fathoms. As Argentina is sometimes 
found in the Xorth Atlantic, and even near the British coasts, 
we give its principal characters. 

Argentina. — Scales rather large; cleft of the mouth small; 
intermaxillaries and maxillaries very short, not extending to 
below the orbit. Eye large. Jaws without teeth; an arched 
series of minute teeth across thejiead of the vomer and on the 
fore part of the palatines; tongue armed with a series of small 
curved teeth on each side. Dorsal fin short, in advance of the 
ventrals ; caudal deeply forked. Pseudobranchise well developed? 
Pyloric appendages in moderate numbers. Ova small. 

; ' ' jFour species are known, of which 4* silus and A, hebridica 
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hpe b*een found occasionally on the North British, and, more 
frequently, on the Isorwegian coast. The other* species aw 
from the Mediterranean. Attaining to a length of 18 inches. 

Sixteenth Fa.m jey— Bekcotsi d.e. 

Body covm-cd with ctenoid scales; head naked. Maryin of 
the iijopeT jaiD formed hy the t'utcrma.rillarws only ; op)crcul(iT 
apparatus complete. Barbels none. Gill - openinys wide. 
Adijwse fin preseuL 

One genus and S 2 )ecies oidy (juttatu,^^ interest- 

ing as having the general cliaracters of Salnionoids, but the 
mouth and scales ot a Percoid, Fjush waters of tlie northern 
United States. 

Seventeenth FAi^tiLY — IlArLociiiTONiDiE. 

Body nahed or scaly {cydoid). Maryin of the tipper jaw 
formed hy the intermaxillary ; opercular apparaius complete. 
Barbels nojne. Gill - ope/niny vnde ; ytscmlohrancldac. Air- 
hladdxr sitnple. Adijmse fin ])resent, Oraries Icirnmated ; the 
eyys fall into the cavity of the ahdomcn, there heiny no oviduct. 
Pyloric appendayes none. 

Fresh water- fishes which represent the Salnionoids in the 



Fig. 296. — Prototroctes oxyrhynchus, New Zealand. 


southern hemisphere. Two genera only are known. Haf- 
lochiton (Fig. 104, p. 250) abundant in lakes and the streams 
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falling into the Straits of Magelhsen and in the rivers of Chile 
aeid the Falkland Islands. It has the general appearance of a 
Trout, but is naked. Prototroctes, with the habit of a Core- 
gomis, scaly, .and provided with minute teeth ; one species (P. 
marcena) is common in South Australia, the other (P. oxy- 
rhynchus) in New Zealand. The settlers in these colonies call 
them Grayling ; the Maori name of the secoifd species is 
“ Upokororo.” 

Eighteenth Family — Gonorhynchid^. 

Head and lody entirely covered with spiny scales ; mouth 
with barbels. Margin of the upper jaw formed by the inter- 
maxillary, which, although short, is continued downwards as a 
thick lip, situated in front of the maxillary. Adipose fin none; 
the dorsal fin is opposite to the ventrals, and short, like the anal. 
Stomach simple, without blind sac; pyloric appendages in small 
number, Pseudobranchicc ; air-bladder absent. Gill-openings 
narrow. 



Fig, 297. — Gonorhynchus greyi. 



Fig. 298. — Scale of Gonorhynchus greyi. 

g6iius and species only (Gonorhynchus greyi) is known*; 
selni^pelagic fish, not very rare off the Cape of Good Hope, 
and J apanese’ seas. From 12 to 18 inches 
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long, colonists in New Zealand name it “ Sand-eel,” as it 

frequents bays with sandy bottom. It is eaten. 

Nineteenth rAMir.Y_IlYODONTiDvE. 

Body covered with cycloid miles; head naked ; harhels none, 
]\IciTyi7i of the upjiev jciw fonned hy the lutcvniiixdhi vies 'luesidlly^ 
a7id hy the imrnllaries laterally, the latter heiny articulated to 
the end of the fornier. Opercular ajipiiratiis coni Adipose 
fin 7ione ; the do7'sal fi7i helooiys to the caudal portion of the 
rerteb7'cd colunui. Stomach ho r sc slnie- shaped, 'without blind 
sac ; i7itestiue short ; one 'piyloric appe/ndayc, Bseudohrancliiai 
none; air -hladde7'‘ simple. G tll-openinys 'wide. The ova fall 
into the abdoniinal cavity before e.echision. 

One genus and species only (Ifyodon tergisus) is known, 
generally called ^‘Moon-eye ” It is abundant in the western 
streams and great lakes of Nortli America. From 12 to 18 
inches long. 


Twentieth Fam ily — Pantodontj d.e. 

Body covered with large cycloid scales; sides of the head 
osseous. Margin of the upper fa/w formed by the single inter- 
maxilla^nj mesially, and by the maxillaries laterally. The 
dorsal fin belongs to the caudal po7'tion if the vcidcbral colvjTnn, 
is short, opposite a7id similar to the imal. Gillwpeiiin^^ wide; 
gill-covers consistmg of a prai()pe7rAdiim and operculum only. 
Branchiostegals 7iumerous. Bseudob7'a7ichiaz no7ie ; air-bladder 
simple. Stomach without coeced sac; one pyloric appendage. 
Sexual organs with a duct. 

A small freshwater -fish {Pantodem bucliholz%), singularly 
alike to a Cyprinodont, from the wesJ coast of Africa. 

Twenty-First Family — Osteoglossid.®. 

Body covered with large hard scales, composed of piec^ Ijjk/e 
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mosaic. Head scalelcss ; its integuments nearly entirely feplaced 
by bone ; lateral line composed of wide openings of the mucus- 
duet. Margin of the upper javj formed by the intcrmaxillaries 
mesially, and by the maxillaries laterally. The dorsal fin 
belongs to the caudal portion of the vertebral column, is opposite 
and very similar to the anal fin ; both approximate to the 
rounded caudal {with udiieh they are ahnormaUy confident). 
Gill-openings wide ; pseudobranehicc none ; air-bladder simple 
or cellular. Sto7nach without coecal sac ; pyloric appendages 
two. 

Large freshwater-fishes of the tropics, whose singular 
geographical distribution has been noticed above (p. 223). 

OsTEOGLOSSUM. — Cleft of the mouth very wide, oblique, with 
the lower jaw prominent. A pair of barbels at the lower jaw. 
Abdomen trenchant. Bands of rasp-like teeth on the vomer, 
palatine and pterygoid bones, on the tongue and hyoid. Pectoral 
fins elongate. 

0. bieirrhosum from Brazil and Guyana, 0. fimnosum from 
Borneo and Sumatra, 0. leichardti from Queensland. 

Arapaima. — Cleft of the mouth wide, with the lower jaw 
prominent ; barbels none. Abdomen rounded. Jaws with an 
outer series of small conical teeth ; broad bands of rasp-like teeth 
on the vomer, palatines, pterygoids, sphenoid, os linguale, and 
hyoid. Pectoral fins of moderate length. 



Fig. 299. — Arapaima gigas. 

The largest freshwater Tel^ostean known, exceeding a 
length of 15 feet and a weight of 400 pounds. It is common 
in the large rivers of Brazil and the Guy anas, and esteemed ag 
an .article of food. When salted it is exported in large 
qu^tities from the inland fisheries to the seaports. 
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Hiwerotis. Cleft of the mouth rather small, with the jaws 
subequal ; barbels none. A single series of small teeth in the 
jaws; pterygoids and hyoid with a patch of small conical teetlT; 
none on the vomer or palatines. ^ 

This fish (7/! mloticvs), wliich is not uiicoininon in the 
Uppei Nile and the West Ali'iean rivers, exliihits several 
anatomical peculiarities. The I'onrth liranchial arch supports 
a spiral accessory organ, tlie function of wliicli is still 
uncx])laine(l. Tlio air-bladder is (*ellular, and tlie stomach 
consists of a membranous and a mnscnhir t^ortion. 


Twenty-Second Fam ily— CL i;i>Eii)yE, 

Body covered tvifh scales; head 71a /rd ; larhcls none. 
Abdomen freriucntly compressed into a serrated edye, Marejin 
of the upper jaw formed by the intermeixillaries mesifdly, and 
by the maxillcmes laterrdly ; nui.rdlaries composed of at least 
three movaMe pieces. Opereular apparatus coon pi etc. Adipose 
fin 7ione. Dorsed not elongate; anal sometimes rcry long. 
Stomach ivith a blind sac ; pyloric appendages nmmerous. GUB 
apparatus m/uch developed^ the gill~opH- n vngs hcing ffcne, rally very 
wide. Fsendobremchim generally present. Air-bladder more 
or less simple. 

The family of “ Herrings” is prolialdy unsurpassed by any 
other in the numlier of individuals, although otliers comprise 
a much greater variety of species. The Herrings are ])rinci- 
pally coast-fislies, or, at least, do not go far from the 
shore; none belong to the deep-sea fauna; scarcely any 
have pehigic ^habits, but many enter or live in fresh waters 
communicating with the sea. They are spread over all the 
temperate and tropical zones. » Fossil remains of Herrings are 
numerous, but the pertinence of some of the genera to this 
family is open to serious doubts, as the remains are too 
fragmentary to allow of determining whether they belong to 
Salmonoids or Clupeoids. Therefore, Agassiz comprised both 
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families in one — Haleddm. Many of the remains belong to 
rgcent genera, which are readily recognised, as Chipea, 
Engraiilis and Chanos, principally from the schists of Claris 
and Licata, from Monte Bolca and the Lebanon. Others, like 
Thrissopater, from the Gault at Follcestone, Lep>tosomiis, 
Opisthopteryx, Spaniodoti, from the chalk and tertiary forma- 
tions, can be readily associated with recent genera. But the 
majority do not show an apparent affinity to the present fauna. 
Thus, HalcG from the chalk of Bohemia, Platinx and Coelogaster 
from Monte Bolca, Rhinelhis from Monte Bolca and Mount 
Lebanon, Scomhrodupea, with hnlets behind th^ anal, from 
the Lebanon and Comen, and Crossognathns from tertiary Swiss 
formations, allied to Megalops^ Spathodactyhis from the same 
locality, and Gliirocmtrites from Mount Lebanon, etc. Finally, 
a genus recently discovered in tertiary formations of Northern 
Italy, Hemitridias, has been classed with the Clupeoids, from 
which, however, it differs by liaving two short dorsal fins, so 
that it must be considered, without doubt^ to be the represent- 
ative of a distinct family. 

Engraulis (including Cetengraulls). — Scales large or of 
moderate size. Snout more or less conical, projecting beyond 
the lower jaw. Teeth small or rudimentary. Intermaxillaries 
very small, hidden ; maxillary long, attached to the cheek by a 
scarcely distensible membrane. Anal fin of moderate or great 
length. Branchiostegals short, from nine to fourteen in number. 

Not less than forty- three different species of ‘^Anchovies” 
are known from temperate and tropical seas. They exhibit 
marked differences in the length of their maxillary bone, 
which sometimes does not reach the gill-opening, whilst in 
other species it extends^ far beyond it ; and in the number of 
their anal rays, which varies from 20 to 80. Some have the 
upper pectoral ray prolonged into a filament, thuo leading 
' the succeeding genus. Coilia, The majority are 

besides, by . their peculiar structure, by a broad 
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silver^^ lateral band, similar to that observed in the Atherines. 
The most celebrated Anchovy is cncrnsicholusy very plentif^il 
in the Alediterranean, but rarely wanderinij^ northwards. It 
is the species which, preserved in salt, is exported to all parts 
of the world, although similarly luci-ative lisheries of Anchovies 
might be esta1)lished in lasmania where the same s|)ecies 
occurs, in Cj^ile, China, Japan, Calilornia, at Buenos Ayres, 
each of which countiies possi^sses Anchovies by no means 
inferior to the Mediterranean sp(‘ci(*s. 

Coilia. — Body ttaniimiting in a long tapcTing tail. Scales of 
moderate size. Snout and jaws as in Enyraiilis, Anal fm 
exceedingly long, conlliient with the caudal. The two or three 



upper pectoral rays are much prolonged, and their branches form 
four, six, or seven filaments. 

Ten species from Indian and Chinese seas. 

CllATOESSUS. — Body compnissed ; abdomen serrated. Scales 
of moderate size. Snout obtuse, or obtusely conical, more or less 
projecting beyond the cleft of the mouth, which is narrow, more 
or less transverse. Maxillary joined to the ethmoid, its upper 
portion being behind the intermaxillary. Teeth none. Anal fin 
rather long ; dorsal opposite to the ventrals, or to the space 
between ventrals and anal. Gill-membranes entirely separate; 
branchial arches forming two angles, one pointing fdrward and 
the other backwards ; the fourth branchial arch with an accessory 
organ; branchiostegals of moderate length, five or six in number. 

Ten species from the coasts, brackish and fresh watery qf , 

■ 2 IT. - 
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Central America (one species' ranges to New York), Australia, 
t]je East Inflies, and Japan.' 

Clupea. — Body compressed, with the abdomen serrated, the 
serrature extending forwards to the thorax. Scales of moderate 
or large, rarely of small size. Ux)per jaw not j^rojecting beyond 
the lower. Cleft of the mouth of moderate width. Teeth, if 
present, rudimentary and deciduous. Anal fin^ of moderate 
extent, with less than thirty rays; dorsal fin opposite to the 
ventrals. Caudal forked. 

This genus comprises more than sixty different species, 
the geographical distril)ution of which coincides with that of 
the family. The majority are of greater or, less utility to man, 
but a few tro])ical species (C. thrissa, C. vencnosa, and others) 
acquire, probably from their food, highly j^oisonous xu’ox^erties, 
so as to endanger the life of persons eating them. The most 
noteworthy species are — 

' 1. C. harengus (the Herring”) —It is readily recognised by 
having an ovate patch of very small teeth on the vomer. D. 
17-20. A. 16-18. L. hit. 53-59. Yert. 56. Gill-cover smooth, 
without radiating ridges. It inhabits, in incredible numbers, 
the German Ocean, the northern parts of the Atlantic, and the 
seas north of Asia. The Herring of the Atlantic coasts of 
North America is identical with that of Eurox)e. A second 
species has been siix^posed to exist on the British coast (6. 
leachii), but it comprises only individuals of a smaller size, 
the produce of an early or late spawn. Also the so-called 
“Whitebait” is not a distinct species, but consists chiefly of 
the fry or the young of herrings, and is obtained “in x^erfection 
at localities where these small fishes find an abundance of 
<food, as in the estuary of the Thames. 

'^[Separate accounts on fhe IT erring may he found in Cuvier and Valen- 
ik >h'cielines, “Hist. nat. des Poissons,” vol. xx. ; J. M. Mitchell, ‘‘ The 
Herring, its Natural History and National Xinportance,’ Edinb. 
1864, 8vo ; P. Neucrantz, “ De Harengo,” Liibeck, 1654.; J. 
;|).odd, “ Essay towards a Natural History of the Herring,” Lpnd. 

8vo ; Bock, “ Versuch einer vollstaendigen Natur-und Handels- 
l5|sc&ichte des Haerings,” Konigsberg, 1769, 8vo.] 
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2. miraUlis.—TU Hon ing of the North Pacific. 

3. (7. The“Sprat.” Without vonieriiw teeth. D. 

15-18. A. 17-20. L. lat. 47-18. Vert. 47-49. . Gill-cover 
smooth, without radiating ridges. Al)undant on the Atlantic 
coasts of Europe. 

^ 4. a thrissa.—Onc of tlie most common West Indian fishe.s, 
distinguished •by the last dorsal ray bi'ing prolonged into a 
filament. Ilyrtl ha.s discovei'ed a small accessory branchial 
organ in this species. 

5. a alma.— The “ Shad ” or - Allice Shad/’ witli very fine 
and long gijl-rakers^, from GO to 80 on the horizontal part of the 
outer branchial arch, and with one or more hla(;k lateral 
blotches. Coasts of Europe, ascamding rivers. 

6. C.finta . — The ‘\Sliad ” or “ Twaite Shad,” with stout 
osseous gill-rakers, from 21 to 27 on the horizontal part ot the 
outer branchial arch, and spotted like tlie preceding species. 
Coasts of Europe, ascending rivers, and found in abundance 
in the Nile. 

7. 6. menhaden . — Tlie ]\Tossbanker,” common on tlie At- 
lantic coasts of the United States. Tlie economic value of this 
fish is surpassed in America only by that ol’ the Cadoids, and 
derived chiefly from its use as bait for other fishes, and from 
die oil extracted from it, the annual yield of the latter exceed- 
ing that of the whale (from American hisheri(;s). The refuse 
Df the oil factories supplies a material of much value for 
irtificial manures. 

[bee G. Brown Goode, “The Natural and Economical History of the 
American Menhaden,” in U.S. Commis.sion of Fish and Fisheries, 
Part V., Washington, 1879, 8vo.] 

8. C. sapidissima . — The AiAerican Shad, abundant, and an 
mportant food-fish on the Atlantic coasts of North America, 
)^awns in fresh water. 

9. 0. mattowocca.— The “ Gaspereau ” or “ Ale-wife,'' coi^t 
non on the Atlantic coasts of North America, ascending 
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freshwater in early spring, and spawning in ponds and 
l^^kes. 

10. C. xnlchardus,—T\\Q ‘Tilchard”or tlie “ Sardine,” equally 
abundant in the British Channel, on tlie coast of Portugal, 
and in the Mediterranean, and readily recognised by radiat- 
ing ridges on the operculum, descending towards the sub- 

operculum. • 

11. C. sagax. — Representing the Pilcliard in the Pacific, 
and found in equally large shoals on the coasts of California, 
Chile, New Zealand, and Japan. 

12. C, subject of a very extensive fishery 

on the coast of Sumatra for the sake of its roes, which are 
salted and exported to China, the dried fish themselves 
being sent into the interior of the island. The fish is called 
“ Trubu” by the Malays, about 18 inches long, and it is 
said that between fourteen and fifteen millions are caught 
annually. 

13. G. scomhrina , — The '‘Oil- Sardine” of the eastern coast of 
the Indian Peninsula. 

Other, but less important genera of Clnpcoids with ser- 
rated abdomen, are ClupcoideSy Fcllonula, Clupeichthys, Pellona, 
Pristig aster j and Chirocentrodon (these three last with very 
small or without any ventral .fins). 

Albula. — Body oblong, moderately compressed ; abdomen 
flat. Scales of moderate size, adherent ; lateral line distinct. 
Eyes covered with a broad annular adipose membrane. Snout 
pointed, the upper jaw projecting beyond the lower. Mouth 
inferior, of moderate width, with villiform teeth ; intermaxillary 
juxtaposed to the uppei* anteriof edge of the maxillary. Dorsal 
fin opposite to the ventrals ; anal fin shorter than dorsal. Gill- 
membranes entirely separate, with numerous branchiostegals. « 

J ; ' ^ One. species only (A. conorhynchus), :^anging over all tro- 
seas, and very common in many locali- 
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ties near the coasts. It grows to a lengtli of from two to 
three feet, and is not valued as food. • # 

Elops. Body rather elongate, moderately compressed 3 
abdomen flat. Scales small, adherent ; lateral lino distinct. A 
narrow osseous lamella, attached to the mandibulary symphysis, 
covers the part betweim the mandibles. Snout pointed ; moiitli 
wide, anterior^ intermaxillary short, maxillary forming the lateral 
jiart of the mouth. Bands ot villitorm teeth in the jaws, on the 
vomer, palatine and pterygoid bones, on the tongue, and on the 
base of the skull. Dorsal fln opposites to ventrals 3 ;inal rather 
shorter than dorsal. Gill-membranes entirely separate, with 
very numerous braimhiostegals. 

Two species, of which one, E. is, like tlie X)reced- 



ing fish, spread over all tro]>ical and sub-tropical seas ; it 
exceeds a length of three feet, and is not esteemed as food. 

Megalops. — Body oblong, compressed, abdomen flat. Scales 
large, adherent 3 lateral line distinct. A narrow osseous lamella, 
attached to the mandibulary sym])hysis, between the mandibles. 
Snout obtusely conical 3 mouth anterior, lower jaw prominent ; 
intermaxillary short 3 maxillary forming the lateral part of the 
mouth. Bands of villiform teeth in the jaws. On tlie vomer, 
palatine and pterygoid bones, on the tongue and on the base of 
the skull. Dorsal fin opposite to, or immediately behind, the 
ventrals 3 anal rather larger than dorsal. Gill-membranes en- 
tirely separate, with numerous branchioStegals. Pseudobranohise 
none. 

• Two species, one belonging to the Indo-Pacific {M, cypnr 
noides), the otlier ijto the Atlantic (if. thrissoides ) ; they 
the largest fishes of this family, exceeding a length of five 
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feet, and excellent eating. .Young specimens enter freely 
ftesli water..s. 


Chanos. — Body oblong, compressed ; abdomen flat. Scales 
small, striated, adherent ; lateral line distinct. Snout depressed ; 
mouth small, anterior, transverse, the lower jaw with a small 
symphysial tubercle. Intermaxillary in juxtaposition to the 
upper anterior edge of maxillary. Teeth none. Dorsal fin 
opposite to the ventrals ; anal small, shorter than dorsal ; caudal , 
deeply forked. Gill-membranes entirely united below, and free 
from the isthmus. Branchiostegals four, long. An accessory 
branchial organ in a cavity behind the gill-cavity proper. Air- 
bladder divided by a constriction into an aifterior and posterior 
portion. Mucous membrane of the oesophagus raised in a spiral 
fold. Intestine with many convolutions. 

Two species from the Indo-Pacific, of which Cli. sahioneus 
is extremely common ; it enters fresh waters, and exceeds a 
length of four feet ; its flesh is highly esteemed. The acces- 



Fig. 302. — Clianos salmoneus. 


sory branchial organ and the skeleton have been described by 
Miller, “Ban und Grenzen der Ganoiden,” p. 75 ; and by Hyrtl, 
“ Denkscln. Ak. Wiss. Wien.” xxi. 1883, p. 1. 


, The remaining genera belonging to this family are Spra- 
^hloidps, Dussumierm, and Etr^meus, which together form a 
group, distinguished by an anterior and lateral mouth, 
hppcr jaw not overlapping the lower, by a. rounded 
and by lacking the gular plate |jf some of the pre- 
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Twenty-Third Family — Batiiythrissii^.e. 

Body ohlong, loith rounded ahdomcn, covered with cycloid, 
scales j head naked ; harhels none, J\ far gin of the vjgjeT Jaw 
formed hy the mtermaxillaries mesi(dlt/, and hy the maxillaries 
laterally, O^ercidar ajyparatus complete. Adipose Jin none ; 
dorsal jin much elongate^ many rayed ; anal Jin short. 
Stomach vnlh a hlind sac ; pyloric appendages numerous. Gill” 
ajyparat'us well d er eloped ; p^^'^^yfdolrranehvv ' gill-op)cnings wide ; 
an airdjladder. Ova very small ; oraries without duct. 

One genus and species only {Jkitliylhrissa. dorsalis) from 
deep water (350 latlionis) off the coast of Jti]»an. Tliis re- 
markal)]e fisli iias tlie a])])earance of a Goregonns, and .attains 
to a lengtli of two feet. Nothing is known of its osteology, 
but possibly a fossil genus tVoni the Gyps of Montmartre ; 
Notwm; which lias also a long dorsal fin, may prove to belong 
to the same family. 

Twenty-F ouirni Famh.y— Ciiirocentrid^^. 

Body eovered with thin, deciduous scales ; harhels none. 
Margin of the upper jaw formed hy the inter maxillaries mesi- 
ally, and hy the ynaxillaries laterally, both hones heing Jirmly 
united, in juxtaposition. Ope^rnhvr apparatus complete. Adi- 
pose Jin none ; the dorsal Jin belongs to the caudal portion of 
the vertebral column. Stomach with a hlind sac ; intestine 
short, the mucous membrane femning a spiral fold ; pyloric 
appendages none. Fseudohranchia: none; air-bladder incom- 
pletely divided into cells ; gill-op)ening wide. 

One genus and species only (Chirbeentrus dorah) is known, 
which is common in the Indian Ocean, and attains to a, 
length of about three feet ; it is not esteemed food.,: 
Eemains of fishl§ similar to Chirocentrus are found m 
marl slates of Padang, in Sumatra. 
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Twenty-Fifth Family — ALEPOCEP iiALiDiE. 

Body ivitli or ivitlwut scales; head naked; harhels none. 
Margin of the upper jaw formed hy the intermaxillaries and 
maxillaries, the former heing along the upper anterior 

edge of the latter. Opercular apparatus complete. Adipose 
fin none ; the dorsal fin helongs to the caudal jfbrtion of the 
vertebral column. Stomach curved, ivithout blind sac ; pyloric 
appendages in moderate Clumber. Pseudobramchia ; air-bladder 
absent. Gill-openings very ividc. 

Before tlie voyage of tlie Olialleiiger ’’ one species only 
of this family was known, Alepoeephalus rostratus, a rare fish 
from the Mediterranean ; now, four genera with seven species 
are known, and there is no doubt that this family is one of 
the most characteristic, and will prove to he one of the most 
generally > distributed forms, of the deep-sea. Tlieir vertical 
range varies between 345 {Xemdermielitliys) and 2150 {Bathy- 
troctes) fathoms. They approacli the Salmonoids, but lack 
invariably the adipose fin. Their dentition is very feeble; 
their eye large ; bones thin. Coloration black. 

Alepocephalus has tbin cycloid scales; a mouth of moderate 
width, and no teeth on the maxillary. 

Bathytroctes has cycloid scales, a wide mouth, and teeth 
on the maxillary as well as intermaxillary. 

Platytroctes has small keeled scales and no ventrals. 

Xenodermichthys with fine nodules instead of scales. 

Tw^enty-Sixth Family — N oTOPTERiDiE. 

Head and body scaly ; barbels none. Margin of the upper 
jaw formed by the intermaxittaries mesiolly, and by the 
: . ifjfhapfillaTies laterally. Opercular apparatus incomplete. Tail 
prolonged, tapering. Adipose fin none. Dorsal short, belonging 
caydal portion of the vertebral colur^ ; anal very long. 
- blind sac; two pyloric appendages. Pseudo^ 
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brancliim none; air-Uaddcr ^^rescnt, divided in the interior. 
The Old full into the eiivdy of the (d)doj)ien hefdve e.vclif^'^idn. 
On each side a parieto-niastoid cavity leadiny into the interior 
of the skull. 

One genus only (N^otopferus) willi live s])ceies wliieli 
inliabit fresli waters of tlie Hast Tiidies and West Africa. 
Well-preserved reniaius of tliis genus occur in the niarl slates 
of Padang, in Suinatiu,. Their uir-hLchhu* is divided into 
several coinpartinents, and teniiinates in two lioi'iis autcu’iorly 
and posteriorly, the anterior lunns hcijig in direct connection 
with the auditory, organ. * 


Twenty-Sevknth Family — IIalosauiiiilp:. 

Body covered 'wWi cycloid scales ; head scaly ; harhis none. 
Margin of the upper j((w forrned, hy the m^6Ty/n/,/ y!//ar A',s niesiallyy 
and hy the nuuyillctries laterally. Opereula/r appeiveitus incoin- 
2 ^lete. jid/ipose fin none. The short doi'sal belongs to the 
abdominal part of the vertehral column ; anal • very long. 
Stomach loith a blind sac ; intestine short ; pyloric appendages 
in moderate number. Pseudobrct'iuliia: none. Air-bladder large ^ 
simple ; gill-openings wide. Ovaries closed. 

The only genus belonging to this family was discovered 
by the Madeiran ichthyologist Johnson, in 186:1; but since 
then the naturalists of tlie ‘'Challenger’' expedition have 
added four other species, showing diat tliis type is a deep-sea 
form and widely distrilmted ; the specimens were dredged in 
depths varying from 560 to 2750 fathoms. 

• 

Twenty-Eighth Family — Hoplopleuridj5. 

Body generally with four series of suhtriangular scules, and 
with intermediate^^le-like smaller ones. One if) dorsal otdy ; 
head longyWith the jaws produced. 
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Extinct; developed in the chalk and extending into 
tertiary fomiations : Bcrcetis (with the upper jaw longest), 
LeptotrachcluSy Pelargorhynchus^ Plintliopliorus, ScmrorhajMphns 
(with the ]#wer jaw longest), Eurypliolis ; Ischyroceplialus (?). 
The latter genus, from cretaceous formations of Westphalia, 
is Said to have two dorsal fins. 

Twenty-Mntii Family — GYMXOT iDyE. 

Head scaleless; harhels none. Body elongate, eel-shaped. 
Margin of the upper jaio formed in the middle hy the inter- 
maxillaries, and laterally hy the maxillaries. Dorsal fin absent 
or reduced to an adip)ose strip) ; caudal geneTally absent, the tail 
terminating in a pmnt Ancd fin exceedingly long. , Ventrals 
none. Extremity of the taj)ering tail capable of being repro- 
duced. Vfnt situated at, or at a short distance behind, the 
throat. Humeral arch attached to the skull. P/ibs ivell de- 
veloped. Gill-openings rather narrow. Air-bladder present, 
double. Stomach with a ccecal sac and pnyloric appendages. 
Ovaries ivith oviducts. 

Eel-like freshwater fishes from Tropical America. 

Sternarchus. — Tail terminating in a distinct small caudal 
fin. Teeth small. A rudimentary dorsal fin is indicated by an 
adipose band fitting into a groove on the back of the tail ; it is 
easOy detached, so as to appear as a thong-like appendage fixed 
in front. Brandi iost(‘.gals four. 

Eight species, some have the snout compressed and of 
moderate length, like St.^Bonapiartii from the Eiver Amazons ; 
' others have it produced into a long tube, as St. oxyrhynchus 
from the Essequibo. 

. It]^l^PHlCHTHYS. — Caudal fin none ; teeth none ; no trace 
Vof Ifciijprsal fin. ISTo free orbital margin. 

of which, again, some have ♦a tubiform snout, 
toothers it is. short. 
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Sternopygus. — Caudal fin none ; no trace of a dorsal fin. 
Both jaws with small villiforni teeth ; similar teeth on each aide 
of the palate. Body scaly. 

Four species, very common, and growing to length of 
30 inches. 

Carapus. Caudal fin none • no trace of a dorsal fin. A 
series of confcal teeth in each jaw. Anterior nostrils, wide in 
the upper lip. Body scaly. 

One species (6/. faHcuitiiH) extrenufiy common, and found 
all over tropical America, east of the Andes, from 18 to 24 
inches long. 

Gymnotus. — Caudal and dorsal fins absent ; anal extending 
to the end of the tail. Scales none. Teeth conical, in a single 
series. Eyes exceedingly small. 

The “Electric Jtel” is the most ))owerful of electric fishes, 
growing to a length of six feet, and extremely abundant in 
certain localities of Brazil and the Guyanas. The ehaitric 
organ consists of two ])airs of longitudinal 1)odies, situated 
immediately below the skin, above the muscdc^s ; ouo paii' on 
the back of the tail, and the otln^r ])air {dong the anal fin. 
Each fasciculus is C(mi])used of flat ])artitions oi* sej)ta, with 
transverse divisions btdween tliem. I'he outei- edge of the septa 
appear in nearly parallel lines in tluj direction of the longitu- 
dinal axis of the body, and consist of thin m(im])ranes, which 
are easily torn; they serve the same pui-])ose as the columns 
in the analogous organ of the Torpedo, making the walls or 
abutments for the pery)endicular and transve.rse dissepiments, 
which are e*xceedingly numerous, and so closely aggregated ^ 
as to seem almost in contact. The minute prismatic cells, 
intercepted between these ’two softs of plates, contain a 
gelatinous matter; the septa are about one-thirtieth of an 
%nch from each other, and one inch in length contains a seri^ 
of 240 cells, giving an enormous surface to the electric oigahs* 
The whole apparatus is supplied with more than 200 
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which are the continuations of the rami anteriores of the 
sptnal nervei^. In their course they give out hranclies to the 
muscles of the back, and to the skin of tlie animal. In the 
Gymnotus^s in the Torpedo, the iierves supplying the electric 
organs are mucli Larger than those bestowed on any part for 
the purposes of sensation or movement. 

The graphic description by Humboldt of th^ capture of 
Electric Eels by horses driven into the water, which would 
receive the electric discharges and thus exliaust the fishes, 

• seems to rest either on the imagination of some person who 
told it to the *great traveller or on some .isolated incident. 
Recent travellers have not been able to verify it even in the 
same parts of the country where tlie practice was said to 
exist. 

Thirtieth Eamily — Symbranchid^.. 

Body elongate, nahed. or covered with minute scales ; harhels 
none. Margin of the upycr jaw formed try the intermaxillaries 
only, the ivell developed maxilkiries lying heJiind and parallel 
to them, B aired fins none. Vertical jins ricdmientary , reduced 
to more or less distinct cutaneous folds. Vent situated at a 
great distance hehind the head. Ribs present. Gill-openings 
confluent into one slit situated on the vimiral surface. A.ir- 
bladder none. Stomach ivithout coecal sac or pyloric appen- 
dages. Ovaries vrith ovulucts. 

The fishes of this family consist of freshwater-fishes from 
tropical America and . Asia, Avliich, however, enter also 
brackish water; and of a truly marine genus from Australia. 

Amphipnoxjs. — Vent in the posterior half of the body, which 
is covered with minute s^les lon^tudinally arranged. 

A common fish {A. euchia') in Bengal, remarkable for its 
"Singular respiratory apparatus. It has only three branchial 
y viufehes;/ with rudimentary branchial laminae, and with very 
^ between the arches. To supplement this in- 
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suffident respiratory a])paratiis, a lung-like sac is developed 
on each side of the body behind the head, o])eiyng between 
the hyoid and first branchial arcli. Tlie interior of the sac 
is abundantly provided with Idood-vessels, tlici art(^*ial coming 
from the brancliial arteries, whilst tliose issuing from it unite 
to form the aorta, ji. cifchia ajiproaches tlie fiels in having 
the humerai arcli not attached to the skull. 

Monoptekus. — Vciit in the postcrioi* half of the l)ody, wliieli 
is naked. Three branchial arches witli rudiinenlaiy gills, but 
without breathing sac. 

One species (d/*. javcniinfs), which is extiicnudy commou 
in the Tast Indian Arcliipi'lago and in th(‘- (‘astern jiarts of 
the Continent. 'Upv’jirds of three feet long. 

Symbranciius. — Vent in the posterior lialf of the body, which 
is naked. Four liranchial arches witli avcII developed gills. 

Three species, of which one (S. marnumifAis) is extremely 
common in tropical Ameri(‘a, and the other {S, hmgabmis) 
not less so in the East Indies. 

ClirLOBRANCllTTS.— Vent in the anterior lialf of the length of 
the body, which is naked. Vertical fins reduced to a simple 
cutaneous fold, without rays. 

A small fisli {Ch. doTHalls) frojn Xorth Western Australia 
and Tasmania. 

TiiiPtTY-FiRST Family — MlR/KNid.p:. 

Body elongate, cylindncAd or hands! uqjed, nedceal or with 
rudimentary scales. Vent situated at a great distance from 
the head. V^utral fins none. Vertiecd Jims, if 'present, confluenty 
or separated hy the projeeling tip of the tail, Bides of the upper 
jav) formed hy the tooth-heaning mamillaries, the fore part hy ^ 
the intermaxillary, vdiich is more or less coalescent with (he 
3 vomer and ethmoid. Humeral arch 'not attached to the skull. 
Stomach with a blind sac ; no pyloric appeifidages, Orgam of 
reproduction without efferent ducts. 
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The Eels ” are spread oVer almost all fresh watei^ and 
seas of the temperate and tropical zones ; some descend to 
the greatest depths of the oceans. The young of some have 
a limited pelagic existence. {Leptoce/pliali, see p. 179.) At 
Monte Bolca fossil remains are very numerous, belonging to 
recent genera, A.n(juilla^ SplKigehranchuSj and Ojjhichtliys ; 
even larval Leptocephales have been preservedc Anguilla 
has been found also in the chalk of Aix and Oeningen. 

In the majority of tlie species tlie branchial openings in 
the pharynx are wide slits (^Miirccn%dm flalysch^^ ; in others, 
ihe true Munei^ce, {Murmnidm engyscliistai) they are narrow. 

Nemichthys. — Exceedingly elongate, band-shaped; tail taper- 
ing into a point. Vent approximate to the pectorals, but the 
abdominal cavity extending far behind the vent. Jaws produced 
into a long slender bill, the upper part being formed by the 
vomer and intermaxillaries. The inner surface of the bill 
covered with small tooth-like asperities. Eye large. The nostrils 
of each side are close together, in a hollow before the eye. Gill- 
openings wide, nearly confluent. Pectoral and veitical fins well 
developed. 

This very singular type is a deep-sea form, occurring at 
depths of from 500 to 2500 fathoms. The two species known 
have hitherto been found in the Atlantic only. 


Cyema. — ^iThis genus combines the form of the snout of 
NemichthySj with the soft and shorter body of a Leptocephahis ; 
hut the gill-openings are very narrow and close together on the 
abdominal surface. Vent in about the middle of the length of 
the body ; vertical , fins well developed, confined to, and sur- 
rounding, the tail. Pectoral fins well developed,. Eye very 
small. 

Known from two specimens (jnly, ^ inches long, dredged 
in depths of 1500 and* 1800 fathoms in the Pacific and 


j^tarotio Oceans. 


, , ,,, — Dhep-sea Congers, with the muscular system 

with the bones very thin, soft, and 
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wantiyg in inorganic matter. Head and gape enormous. Snout 
very short, pointed, Ilexible, like an apptuidage overlap])ing the 
gape. Maxillary and maiidibulary bones very iliin, slemTlir, 
arched, armed with one or two series of long, slender, curved, 
widely set teeth, their points bcnng directed inwards; palnte 
toothless. Gilbopenings wide, at some distance from the head, 
at the lower part of the si(k‘s ; gills V(‘ry narrow, fna', and ex- 
posed. Truijk of moderate length. Stomach dist(‘nsil)le in an 
extraordinary degree. Vent at tln^ (md of the trunk. Tail band- 
like, exceedingly long, tapering in a V(ny fine filament. Pectoral 
small, present. Dorsad and anal fins riidinuntary. 

This is another extraordinary form of l)i‘e])-8ea Eels; the 
muscular system, except on the luaid, is veiy feebly developed;’ 
the bones are as thin, soft, and wanting in inorganic matter, 
as in the iTcicliijptcviilct'. Ibis fish is known from three 
specimens oidy, which have been found floating on the sur- 
face of the ISTorth Atlantic, witli their stomachs much dis- 
tended, having swallowed some otlnu’ fish, the weight of 
which many times exceeded tliat of their destroyer. ] t attains 
to the length of several feet. 

SYNAPHOBRANCirus. — Gill-oponiiigs ventral, united into a 
longitudinal slit between the pectoral fins, s(‘parate internally. 
Pectoral and vertical fins well develop(‘d. Nostrils latcsral, the 
anterior subtubular, the' posterior round, before the lower half 
of the eye. Cleft of th(‘, mouth very wide ; teeth^small ; body 
scaly. Stomach very distensible. 

Deep-sea Congers, with well-developed muscular system, 
spread overall oceans, and occurring in depths of from 345 to 
2000 fathoms. Pour species are known. Probably attaining 
to the same Igngtli as the Conger. 

Anguilla. — Small scales imbedded in the skin. Upper jaw 
not projecting beyond the lower. Ter.th small, forming bands. 
Gilbopenings narrow, at the base of the pectoral fins. The dorsal 
fin commences at a considerable distance from the occiput. . ’ 

Some twenty-five species of Eels ” are known from'ttie ; 
freshwaters and coasts of the temperate and tropical 



672 


FISHES. 


none have been found in South America or the west© coast 


of North America and West Africa. The following are the most 
note- worthy : — The common European species (A. mujidlld) is 
spread over Europe to 64*^ 30^ lat. N., and all round the 
Mediterranean area, but is not found either in the Danube or 
in the Black and Caspian Seas ; it extends across the Atlantic 
to North America. The form of the snout varies much, and 
some naturalists have believed tliat specimens with a broad 
and obtuse snout were specifically distinct from those with 
pointed snout. However, every degree of breadth of the snout 
may be observed ; and a much safer way of recognizing this 
species, and distinguishing it from otlier European Eels, is 
the forward j)osition of tlie dorsal fin ; the distance between 
the .commencement of the dorsal and anal fins being as long 
j 1 ^, or sonaWhat longer than, the head. Eels grow generally 
to a length of about three feet, but the capture of much 
larger examples is on record. Tlieir mode of propagation is 
still unknown. So much only is certain that they do not 
spawn in fresh water, that many full-grown individuals, but 
not all, descend rivers during tlie winter months, and that 
some of them at least must spawn in brackish water or in deep 
water in tlie sea ; for in the course of the summer young 
individuals from three to five inches long ascend rivers in 
incredible nl^mbers, overcoming all obstacles, ascending verti- 
cal walls or floodgates, entering every larger and smaller 
^tributary, and making their way even over terra firma to waters 
shut off* from all communication with rivers. Such immigra- 
tions have been long known by the name of “ Eel-fairsy The 
. majority of the Eels which migrate to the sea appear to return 


tp: fresh water, but not in a bod}^ but irregularly, and through- 
-out the warmer part of the year. No naturalist has ever 
“Observed these fishes in the act of spawning, or found mature 
the organs of reproduction of individuals caught 
w^^ter are so little developed and so much alike, that 
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the female organ can be (lisliiigihshed from the male only 
with the aid of a microscope. • 

The second species foil i id in (Ireat 1 Britain, on the coasts 
of Europe generally, in China, Xew Zealand, and the West 
Indies, is (A. Icdirudris) tlie “ Crfg ” or “ (Uut,” which prefers 
tlie neighbourliood of tlie sea to distant iiiland-watei’s, and 
in which thc^dorsal fin begins farther backwards, tlie distance 
between the commencement of tlu^ dorsal and anal tins ludm'- 
shorter than tlie liead; its snout si'cnis to lie always liroad. 
On the American sidii of the Atlantic other sjxicies, beside 
A, cvrujuilht are fouiid in abundance : A. hodonioisL^ A. Umna, 
The largest Eels occur in lakes of the islands of the Indo- 
Pacific, and tliey ])]ay a conspicuous jiart in the mythology 
of tlie South-Sea Islanders and Maori(‘s ; individuals of from 
eight to ten feet in length have been seen, and referred to several 
species, as A, olmuray anciiviidH, etc. 

Congee. — Scaleless. Cleft of the mouth wide, extending at 
least to below the middle of tlie eye. Maxillary and mandihu- 
lary teeth arranged in series, one of which contains teeth of equal 
size, and so closely set as to form a cutting edge. No canine 
teeth. Vomerine liand of teeth short. IV^ctoral and vertical 
fins well developed, the dorsal commencing behind tin*, root of 
the pectoral. Gill-openings large, a])proximate to ^le alidomen. 
The posterior nostril opposite to the upper or middle part of the 
orbit, the anterior in a tube. Eyes well developed. 

The ‘‘ Congers” are marine Eels ; the liest known species 
(C. conger) seems to be almost cosmojiolitan, and is plentiful 
all round Em^ope, at St. Helena, in Japan, and Tasmania. It 
attains to a length of eight fi^et, and thrives and grows rapidly 
even in confinement, which Is not tlie case with the fresh- 
water Eel. Three otlier species are known, of which CX 
'giarginatuB from the Indian Ocean, is the most common. 
Le^ptoce^halus morrisii is an abnormal larval condition of the 
Conger. 

2x 
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Genera allied to Conger are Poeciloconger, Gongromurcena, 
U^oconger^ and Heteroconger, 

MuRiENESOX. — Scalelcss. Snout* produced. Jaws with 
several series of small closely set teeth, anteriorly with canines ; 
vomer with several long series of teeth, the .middle of which is 
formed by large conical or compressed teeth. Gill-openings wide, 
approximate to the abdomen. Pectoral and vertical fins well 
developed, the dorsal beginning above the gill-opening. Two 
pairs of nostrils, the posterior opposite to the upper part or 
middle of the eye. 

Four species from tropical seas, M. cinereus being very 
common in the Indian Ocean, and attaining to a length of ^ 

feet. ■ 

Nettastoma. — Scaleless. Snout much produced, depressed. 
Jaws and vomer with bands of card-like teeth, those along the 
median line of the vomer being somewhat the larger. Vertical 
fins well developed ; pectorals none. Gill-openings of moderate 
width, open. Nostrils on the upper surface of the head, valvular ; 
the anterior near to the end of the snout, the posterior above 
the anterior angle of the eye. 

This genus lives at some de]3th, the Ja];)anese species 
(K jMrvicei^s) having been obtained at 345 fathoms. iV. 
melamtrurn from the Mediterranean, seems to inhabit a similar 
depth. Hyoprorns is its Leptocephalid form. 

Genera allied to Muramesox are Saurenchelys, Oxyconger, 
Hoplunnis, and Neoconger; in all these the nostrils have a 
superior or lateral position. In other genera the nostrils 
perforate the upper lip, as in Myrus, Myrophis, Paramyrus, 
GhUorhinus, Murcenichthys, and Ophiclithys, the last genus 
deserving of particular jmentiou, on account of its great range 
and common occurrence. 

Ophichthys. — Nostrils labial; extremity of the tail free, 
not surrounded by a fin. 

More than eighty species are known, many of which are 
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abundant on the coasts of tlio tropical and sub-tropical zones. 
They do not attain to a large size, but many must be «x- 
tremely voracious and destructive to other tislies, if we draw 
an inference from the formidal)le dentition with which their 
jaws and palate is armed. Other species ha\'e much moj’c 
feeble, and some even obtuse te(!tli, ln'tter adapted for seizing 
Crustaceans*than vigorous and sliii])ery fishes. Some have 
rudimentary pectoral tins or lack them altogether. Many 
are higldy ornamented with liauds or sjiots, the coloration 
being apparently veiy constant in the several species. 



Fig, 303.--Opliiclit]iys crocodilinu.s, from ilie liido-Pacific. 


Mortngua. — Body scaleless, cylindrical, with the trunk 
much longer than the tail. Pectorals nona or small ; vertical 
fins but little developed, limited to the tail. ' Posterior nostrils 
in front of the small eye. Cleft of the month narrow ; teeth 
uniserial. Heart placed far behind the brarichijjc. Gill-openings 
rather narrow, inferior. 

Six species from freshwaters, brackish water, and the 
coasts of India to the Fiji Islands. 

MuRzENA. — S caleless. Tedth well .developed. Gill-openings 
and clefts between the branchial arches narrow. Pectoral fins 
none ; dorsal and anal fins well developed. Two nostrils on 
'each side of the upper surface of the snout; the posterior a 
Jnarrow round foramen, with or without tube ; the anterior in a 
tube. 
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The Mursenas are as abundantly represented in the 
trspical and sub-tropical zones, and have nearly the same 
range, as Ophichthys. The number of species known exceeds 
eighty. The majority are armed with formidable pointed 
teeth, well suited for seizing other fish on which they prey. 
Large specimens thus armed readily attack persons in and 
out of the water ; and as some species attain a lehgtli of some 
six or eight feet, they are justly feared by fishermen. The 
minority of species have obtuse and molar-like teeth, their 
food consisting chiefly of Crustaceans and other hard-shelled 



Fig. 304. — Head of a Muraena, 


animals. Most of the Mursenas are beautifully coloured and 



Fig, 305.—Mursena pavonina, from Southern Seas. 


Spotted, some in a regular and constant manner, whilst ia 
pattern varies in a most irregular fashion: they 
' appearance of snakes. The Muraena of the ' 
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Ancient Romans is Murccrui helcna, which is not confined to 
the Mediterranean, but also found in tlie Iiidiay Ocean tyid 
on the coast of Australia. Its skin is of a rich brown, beauti- 
fully marked with largo yellowish spots, each of which con- 
tains smaller brown spots. 



Fig. 306. — Miiraina picta, from the Indo-Pacific. 


CrymnomiiTcena differs from Murmm in having the fins 
reduced to a short rudiment near tlie end of tlie tail. Six 



Fig. 807, — Gyranomursena vittata, from Cuba. 

I ■ ^ ' 

species are known growing to a length of eight feet. . 
Myroconger and M^tvchelycore belong to the same sub-feisiily 
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as Murcena, but the former is provided with pectoral fini, and 
m,the lattec-the posterior nostril is a long slit, and not round 
as in the other genera. 

FIFTH ORDER— LOPHOBRANCHII. 

The gills are not laminated, hut composed of slfmll rounded 
lohes attached to the hrancltial arches. Gill-cover reduced to a 



Fig. 308. — Gills of Hippocampus abdo.. 


large simjile plate. Air-Uaddcr simple, without jmeumatic 
duct. A dermal skeleton composed^ of numerous pieces arranged 
in segments, replaces more or less soft integuinents. Muscular 
system not much developied. Snout prolo7iged. Mouth terminal, 
small, toothless, formed as in Aeanthopterygiwns. 


First Family — Solenostomid/E. 

Gill-openings wide. Two dorsal fins, the rays of the anterior 
not articulated. All the other fins well developed. 

One living genus only is known, wliicli was preceded in 
the tertiary epoch hy Solenorhynchus (Monte Postale). 

SOLENOSTOMA. — Snout produced into a long tube. Body 
compressed, with very short tail. All parts covered with thin 
below which there is a dermal skeleton formed by largd^ 
■ staislil^e ossifications. The soft dorsal and anal fins on elevated 
; caudal fin long. Ventral fins inserted opposite to the 
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anterior dorsal, close together, seven-rayed j they are IVee in the 
male, but in the female their inner side coalesces with the in- 
teguments of tlie body, a large pouch for tlie recej)tion of Ehe 
eggs being formed tliereby. Air-bladder and pseudobranchiie 
absent. Branchiostegals four, very tliin. InU'stinal tract very 
simple, with a stomachic ddatatiou, without pyloric appendages. 
Ova very small. 

The dorflial skeleton o( this singular tv])e is Ibrnual by 
star-like ossifications, four in eacli horizontal and vertical 
series on tlie side of the fore ])art of the trunk ; each consists 
of four or tliree radiating bi'a.nc.hes by nhich it j'oins the 
neighl)Ouring bones ; on the bind ])art of tlie trunk and tail 
the series are diniinished to two. The dorsal and abdominal 
profiles in front of tlui fins are jiroteetiMl by similar bones. 
The vertebra] column is com]>osed ol‘ eighteen abdominal and 
fifteen caudal vertebrae, tlie vertebne gradually decreasing in 
length backwards, so that the shortness of the tail is (‘ause.il 
not only by the smaller number of viu-tebrai, lait also by 
their much lesser length. Neural and ha-mal spimjs am 
developed. The pelvis consists of two pairs oi‘ cartilaginous 
laniimn, the convex margin of the anterioi* lilting into an 
angle of a dermal lione which se])arates the jielvis from the 
well-ossified liumeral arch. 

The singular ])rovision for the retention <and ])rotection 
of the eggs has Ikhui described above (p. figs. 7d and 74), 
and we have only to repeat here that it is the female which 
takes care of the progeny, and not the male as in the follow- 
ing family. Two or threes small s])ecies are known from the 
Indian Ocerm; they are beautifully marked, especially the 
male, which also appears to lie of smaller size in this genus 
than the female. 

' SECOND Family — Syngnatitid^:. 

Gill-openings reduced to a very small opening near ike 
upper posterior angle of the gill-cover. One soft dorsal fm; no 
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ventrals, m\d, sometimes, one or more of the other fins are also 
absent. ^ 

Small marine fishes, which are abundant on such parts of 
the coasts of the tropical and temperate zones as offer by 
theii vegetation shelter to these defenceless creatures. They 
are bad swimmers (the dorsal fin being the principal organ 
of locomotion), and fi-equently and resistlessly ctiSried by cur- 
rents into the open ocean or to distant coasts. All enter 
brackish water, some fresli water. The strata of Monte Bolca 
and Licata (Sicily) have yielded evidence of tlieir existence 
in the tertiary epochs; beside .species of Si-phonostoma and 
Syngnathus {PscudosyngmUlms), remains of an extinct genus, 
Calamosloma, allied to Hipimampus, but witli a distinct 
caudal fin, have been found. On their propagation gee 
p. 163, Fig. *76. 

A. Syngnathina. The tail is not prehensile, and generally 
provided with a caudal fin. — Pipe-Fishes. 

SiPHONOSTOMA.— Body with distinct ridges, the upper caudal 
ridge continuous with the lateral line, but not with the dorsal 
ridge of the trunk. P ectoral and caudal fins well developed ; 
dorsal fin of moderate length, opposite to the vent. Humeral 
bones movable, not united into a “ breast-ring.” Males with 

egg-pouch on the tail, the eggs being covered by cutaneous 
folds. 

Two species, of which S. typhle is common on the British, 

• and generally distributed on the European coasts. 

Syngnathus. — Body with the ridges more or less distinct, 
the dorsal ridge of the trunk not being continuous with that of 
the tail. Pectoral fins well developed ; caudal present. Dorsal 
fin opposite or near to the vent. Humeral bones firmly united 
, into the breast-ring. Egg-pouch in Siphonostoma. 

The distribution of this genus nearly coincides with that- 
of , the family, some fifty» species being knovhi. S. acus, the. 

Pipe-fish (see Fig. 75, p. 163), is one of the most 
European fishes, extending across the Atlantic and 
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southwards to the Cape of Good Hope; it attains a length of 
18 inches. Another very coninion s])eeies, freip^ently met at 
sea, and spread over nearly all the troj)ieal and suh-tropical 
seas, is S, agreeably marked with idternate brown 

and silvery cross-bars. 

Doryiciitiiys. — B ody with the ridges W(‘ll dcvelop(‘d. Pec- 
toral and catdal fins present. Doi-sal iin long or of niod(‘rato 
length, oj)posito to the vent. llniiU'ral boin^s hianly iinited. 
Males with the lower ridges of tlie abdomen dilattd, tlie dilated 
parts forming a broad groove for the rece[)tion of tlie ova. 

In these Ihpe-lislies the ova are not received in a com- 
, pletely closed pouch, but glued on to the surface o(‘ the 
I abdomen. Twenty species li’om tr()])ical seas. 

p Neuopiiis. Body smootli, rounded, Avith scarcely any of the 
ridges distinct. Pc^ctoral lin none, caudal ahscuit or rudimentary, 
I the tail tapering into a point. Dorsal fin of moderate huigth, 
r opposite to the vent. Tlie ova ai-e attached to the soft integu- 
ment of the abdomen of the male, and are not covered h)^ lateral 
folds of the skin. 

Seven species from the European seas and the Atlantic. 
a; mjuoreiis (Ocean Ihpe-fish), A. oi)hiilion (Sti’aight-nosed 
Pipe-fish), and A lumhriciformiH (Little lh})e-fish), are common 
on the British coasts. 

PliOTOCAMPUS. — The whole dermal skeleton is covered with 
skin. A broad cutaneous fold runs along the back in front and 
behind the dorsal ; a similar fold along the abdomen. Pectoral 
fin pone ; caudal very small. 

The single species of this remarkable genus, P, hymeno- 
lomus, occurs in the Falkland Islands. It may be regarded 
as an embryonal form of NerojiJm, the median skin-folds being 
evidently remains of the friij^^e which surrounds the body of 
the embryo. 

• The other genera belonging to this group are, IcMhyo- 
campus, Nanmeampus, TJrocampus, Leptoichthys, Coelonotuif 
Widi StigniatopJwra. : 
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Hippocampina. — The tail is prehensile, and invariably Vith-\ 
out caudal fin. — Sea-horses. 

Gastrotokeus. — Body depressed, the lateral line running 
along the margin of the abdomen. Shields smooth. Tail 
shorter than the body. Pectoral fins. No pouch is developed 
for the ova, which are imbedded in the soft integument of the 
abdomen of the male. 

Gastrotokeus hiaculeatus, very common in *tlie Indian 
Ocean to the coasts of Australia. 

SOLENOGNATHUS. — Body compressed, deeper than broad. 
Shields hard, rugose, with round or oval interannular plates ; 
and without elongate processes. Tail shorter than the body. 
Pectoral fins. 

Three species, from the Chinese and Australian Seas ; 
they are the largest of Lop)hobranchs, S. hardwickii, attaining 
to a length of nearly two feet. 

Phyllopteryx. — Body compressed, or as broad as deep. 
Shields smooth, but some or all of them are provided with pro- 



Fig. 3^9. — Phyllopteryx eques. 

linent spines or processes on the edges of the body; some of 
he processes with cutaneous filaments. A pair of spines on th§ 
,pper side of the snout and above the orbit. Tail about as long 
s the body. Pectoral fins. The ova are imbedded in soft mem- 
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brane* on the lower side of the tail, without a pouch being 
developed. 

lliree species from tlie cousts ol Austrjiliji, The protectiv(‘ 
leseniblciiices witli which mruiy Topliolirunchs ure furnished, 
attain to the highest degn'.e of (lev(do])meiit in tlie lislies of 
this genius. Not only tluur coloui’ closely assimilates that 
of the particular kind of seawciod whic'h th(‘y frtupient, hut 
the appendages of their spines scaan to lx; nua'c^ly ])art of the 
fucus to which they are attached. They attain a hmgth ol‘ 
12 inches. 

Hippocampus.— Trunk compressed, inor(‘ oi* less el(‘vated. 
Shields with more or less jirominent tuherel(\s or sjiines. Occiput 
|,y compressed into a cri^st, terminating at its su|x*ro*}x)st('rior corn(;r 
; in a prominent knob (corom;t). Ik'ctoral tins. Tin; }naies cany 
the eggs in a sac at the base of the tail, o})ening near the vent. 

A singular rcscml)lance of the head and fore part of the 
y body to that of a horse, has given to these fishes the name of 
i “Sea-horses.” They are almndant h(;tween and near the 
tropics, becoming scarcer in higher latitudes. Sonn; twenty 
species are kmnvn, some of which liave a wide; geogi*a])hical 
range, as they are often carried to great distainxis with Ihxiting 
objects to which they ha])j)en to be attached. — Acr.nlrouu 
is a genus closely allied to ILiiyiiomiiiirifs. 

SIXTH OKDER— PLECTOONATHI. 

Teleosteous fishes uiitli roiy/li scales, or with ossifiwdions ofi 
the cutis in the fiorm ofi scutes or sjmtes ; skin sometimes entirely 
naked. Skeleton incompletely ossified, with the vertchrm in 
small nimher. Gills pectiwite ; a mirrtyw (jill-openw^ 
ofi the peetoral fins. Month •narroio > th^ hones ofi the upper 
jaw generally Jirmly united. A sofit dorsal fin, helonging to the 
%audal portion ofi the vertehral column, opposite to the anal ; 
^sometimes elements of a spifnous dorsal besides. Ventral fin 
%tnone, or reduced to spines. Air-bladder without pneumatic dud. 


684 


FISHES. 


First Family — Sclerodermi. 

Snout someivluit produced ; jaws armed with distinct teeth 
in small number. Skin loith scutes or rough. Th'e elements of 
a spinous dorsal and ventral jins generally present. 

Marine fishes of moderate or small size, very common in 
the tropical zone, but scarcer in higher latitucles.t They have 
been found in three localities of tbrtiary strata, viz., at Monte 
Bolca, where a species of Ostracion occurs, and in the Schists 
of Glaris, from which two genera have been described, Acan^ 
thoderma and Acanthopleurus, closely allied to Balistes and 
Triaeanthus. Glyptocephalus from the Isle of Sheppey has 
the skull of a Balistes, but its body is covered with tuber- 
cles arranged in regular series. The Scleroderms may be 
divided into three very natural groups ; — 

A. Triacanthina. — The skin is covered with small, rough, 
scalelike scutes. A spinous dorsal fin with from four to six 
spines. A pair of strong, movable ventral spines, joined to the 
pelvic bone. 

To this group belong the genera Triacanthodes, Hollardia^ 
and Triacanthus, represented by five species, of which Tria- 
canthus hrevirostris from the, Indian Ocean is the most 
common. 

B. Balistina. — Body compressed, covered with movable 
scutes or rough. Spinous dorsal reduced to one, two, or three 
spines. Ventral fins reduced to a single pelvic prominence, or 
entirely absent. 

To this group belong the genera Balistes, Monacanthus, 
^xiA. Anacanthus, the last genus being distinguished by a bar- 
bel at the lower jaw. • • 

Balistes, or the File-fishes ’’ proper, inhabit the tropical 
a,D.d sub-tropical seas ; shoals of young are not rarely met' with 
ipL/jmid-ocean. Some thirty species are known, many attaining 
4;l^jlgtl^ exceeding two feet; but the majority are much 
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sma^, and frequently beautifully and synnnetrically marked 
Both jaws are armed with eight strong inci.ior-like and 



obliquely truncated teeth, by wliicli these fislies are enabled 
to break off pieces of corals on which they feed, or to chisel 
a hole into the hard shell of Mollusca, in order to extract the 
I soft parts. They destroy an immense nund)er of Molluaks, 
I thus becoming most injurious to the pearl-fisheries. The first 
^ of their three dorsal spines is very strong, rouglioiied iji front 
like a file, and hollowed out behind to receive the second 
much smaller sj)ino, which, besides, has a jirojection in front, 
at its base, fitting into a notch of the first, d'hns these two 
spines can only be raised or dei)i(!ssed simultaneously, and 
the first cannot be forced down, unless the second has been 
previously depressed. 'J’he latter has been compared to a 
K trigger, hence a second name, rigger-fish,” has been given 
to these fishes. Some species are armed with a scries of short 
spines or tubercles on each side of the tail. Two species {B. 
maculatus and B. caprisms), common in the Atlantic, some- 
times wander to the llritish coasts. • 


; The MonacantJms are similarly distributed as the Balistes, 
^nd still more abundant, some fifty species being known, 
their dentition is very similar, but they possess one dorsal 
Ipine only, and their rough scales are so small as to give a 
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velvety appearance to the skin (Figs. 17 and 18, p. 48). Adult 
males of some of the species possess a peculiar armature on 
each side of the tail, which in females is much less developed 
or entirely absent. Tiiis armature may consist either in 
simple spines arranged in rows, or in tlie development of the 
minute spines of the scales into long stiff bristles, so that the 
patch on each side of the tail looks like a brush.* 

c. OSTRACIONTINA. — The integuments of the body form a hard • 
continuous carapace, consisting of hexagonal scutes juxtaposed 
in mosaic-fashion. A spinous dorsal and ventral fins are absent; 
but sometimes indicated by protuberances. ^ 

The “Coffer-fishes” (Ostracion) are too well known to 
require a lengthened description. Only the snout, the bases 
of the fins, and the hind part of the tail are covered with soft 
skin, so as to admit of free action of the muscles moving these 
parts. The mouth is small, the maxillary and intermaxillary 
bones coalescent, each jaw being armed with a single series 
of small slender teetli. The short dorsal fm is opposAe to the 
equally short anal. The vertebral column consists of fourteen 
vertebrm only, of which tlic five last are extremely short, the 
anterior elongate. Eibs none. The carapaces of some species 
are three-ridged, of others four- and five-ridged, of some 
provided with long s]unes. Twenty-two species from tropical 
and sub-tropical seas are known. 

Second Family — Gymnodontes. 

Body more or less shortened. The hones of the upper and 
lower jaw are confluent, for miwj a healc 'with a trenchant edge, 
without teeth, with or without media'll sviure. A soft dorsal, 
caudal and anal are •developed, approximate. No spinous 
dorsal. Pectoral fins ; no ventrals. 

Marine fishes of moderate or small size from tropical anJ 
sub-tropical seas. A few species live in fresh water. Fossil 
lefnains of Diodon are not scarce at Monte Bolca and Licata ; 
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a di^inct genus, Erineodon^ has bo,en described iVoni IVronte 
Postale. llie Gynniodonts may l)e dividtHl into Uiree groiij)s: 

A. TiiioDONTlNA. — Tail rathei- long, with a st‘[)arato caudal 
fin. Abdomen dilatable into a Aany larg<‘, anuinvs^od, i)ondent 
sac, the lower part of which is merely a flap of skin, into which 
the air does not penetrate, the sac being cai)al)h‘ of bchng ex- 
panded by tke very long pelvic bone. The upj)er jaw divided by 
a median suture, the lower simple. 

A single genus and s])eeies { J i'lodoji from the 

Indian Ocean. 

E. TETRODON'rjNA. — Tail and caudal Ibi distinct. Part of the 
oesophagus much distensible, and capable of being Idled with air! 
cN pelvic boTie. 

Globe-lislies have a sboi’t, thick, cylindrical body, with 
well developed fins. It is covenid with tbi(dv scahdcss skin, 
ill which, however, spiiu^s are imbedded of various sizers. The 
spines are very small, and but partially disti*i])iit(id over tlie 
:j body in some species, whilst in others tiny niv vory large, 

; and occupy equally every part of tlie body. TIkjsc fishes 
have the power of iidlating their IkxI}^ ly tilling their disten- 
sible cesophagus with air, and thus assuimi a moni or less 
globular form. The skin is, then, strctch(‘d to its utmost (‘xtent, 
and the spines protrude and form a more or hiss formidable 
defensive armour, as in a hedgehog; therefore they are fre- 
quently called '' Sea-h(Mlg(diogs.” A fish tlms hloAvn out turns 
jover and floats belly upwards, dj-iving Ixjfore the wind and 
graves. lIoweAUir, it is pro])a])le that the sj)incs are a protec- 
tion not only when the fish is on tlie surface and al>l(i to take 
air, but also wlien it is under water. Some iJiodonts, 
;^t B,ny rate, are able to erect the s]*iiies about the head by 
;;,^eans of cutaneous muscles ; and, perhaps, all fill their 
Jj^mach with water instead of air, for tlie same puipose and 
&|th the same effect. In some Diodorits the spines are fixed, 
^l^ct, not movable. The Gyrnnodonts generally, when taken, 
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produce a sound, doubtless by the expulsion of air from the 
cesophagus. -Tlieir vertebral column consists of a small number 
of vertebra), from 20 to 29, and.tlieir spinal chord is extremely 
short. All these fishes have a bad reputation, and they are 
never eaten ; indeed, some of them are highly poisonous, and 
have caused long continued illness and death. Singularly, 
the poisonous properties of tliese fishes vary mucii as regards 
mteiisity, only certain individuals of a species, or individuals 
from a certain locality, or caught at a certain time of^the year, 
being dangerous. Tlierefore it is pro1)able tliat they acquire 
their poisonous quality from their food, which consists in 
corals and hard -shelled Mollusks and Crustaceans. Their 
sharp beaks, with broad masticating posterior surface, are 
admirably adapted for breaking off branchlets of coral-stocks, 
and for crushing hard substances. 


Tetrodon (including Xeno^terus). — Both the upper 
jaws are divided into two by a mesial suture. 

Extremely numerous in tropical 
tropical zones, more than sixty species being 
known. In some of the species the dermal 
spines are extremely small, and may be absent 
altogether. Many are highly ornamented with 
spots or bands. A few sx)ecies live in large 
Fig. 311.— Jaws rivers — thus T, psittacus from Brazil; T. 

of Tetrodon. fahaka, a fish well known to travellers on the 
Nile, and likewise abundant in West African rivers; T, fiuvi- 



and lower | 
and sub- i 



Fig. 312. — Tetrodon margaritatns. 
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"atilis from brackisli water and rivers of tlic East Indies. Tlie 
species figured is one of the smallest, about six •inches l»ng, 
and common in the Indo-l'acilic. 

Diodon.— Jaws without mesial suture, so that there is only 
one undivided dental plate above and one below. 

I In these fishes, as well as in some closely all ii;d genera, the 
i^rmal spiifes are much more doveloiH'd than in Uie Tetro- 
®jnts; in some the spines are erectile, as in Diodon, A/opo- 
'^yderus^ Tnchodmlon, and J'riidiocycliis ; in others they are 
stiff and immovable, as in CMlomyda-n, and 
Seventeen species^ are known, of which Diodon hi/slrii; is the 
most common as it is the largest, growing to a length of two 
■eet. It is spread over the Tropical Atlantic as well as Indo- 
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C Molina.— Body compressed, very short ; teilextrtmely 
sh(jrt, truncate. Vertical fins confluent. No pelvic bone. 

The “ Sun-fishes ” {Orthagoriscus) are pelagic fishes, found ^ 
in every part of the oceans within the tropical and temperate j 
zones. The singular shape of their body and the remarkable 
changes which they undergo with age, have 
above (p. 175, Figs. 93, 94). Their jaws are uncBvided m the 
middle, comparatively feeble, but well adapted for masticating , 
their food, which consists of small pelagic Crustacespis. wo 
species are known. The common Sun-fish, 0 . mola, whic 
attains to a very large size, measuring sevep or eight feet, and 
weigWng as many hundredweiglits. It has a roug i, minu e y 
granulated skin. It frequently approaches the southern coasts o 
of England and the coasts of Ireland, and is seen basking in 
calm weather on the surface. The second species, 0 . trumatus 
is distinguished by its smooth, tessellated skin, and one of 
the scarcest fishes in collections. The shortness ot the ver- 
tebral column of the Sun-fishes, in which the number of 
caudal vertebrie is reduced to seven, the total number being 
seventeen, and the still more reduced length of the spinal chord 
hav6 been noticed above (p. 96). 



TiftRD. SUB-CLASS— CYCLOSTOMATA. 


Skclctgn cMrtilcifjinoHS anil notoclwrdul, withotd ribs and 
ntiwut real jaws. Skull not separate from the vertebral column. 
'To limbs. Gills in the form of fired sacs, ‘without branchial 
Tches, six or seven in number on each side. One nasal aperture 
nly. Heart without bulbus arteriosus. Mouth anterior, sur- 
ouhded by a circular or sub-circular lip, suctorial. AlimerCtary 
anal straight, simple, without coeeal appendages, pancreas or 
pleen. Generative outlet peritoneal. Verticed fins rayed. 

The Cyclostomos are most probably a very ancient type. 
[Jiifortunatoly the organs of these creatures are too soft to be 
preserved, with the exception ol the horny denticles with 
vhich the mouth of some of tliem is arimjd. And, indeed, 
lental plates, wliich are very similar to tliose ol Myrinc, are 
aot uncommon in certain strata of Devonian and Silurian 
xge (see p. 193). The fishes belonging to this sub-class may 
be divided into two families — 

First Family— rETROAiYZONTiD.i:. 

Body eel-sjuiped, naked. Subject to a metamorphosis; in 
the perfect stage vjith a suctorial mouth armed with teeth, 
simple or nndtieuspid, horny, sitting on^a soft papilla. Maxil- 
lary, mandibulary, lingual, and suctorial teeth may be dis- 
tinguished. Byes present (in mature animals). External rmal 
aperture in the middle of the upper side of the head. The nasd 
%ict ta-minates without perforating the palate. Seven hrawMd 
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sacs ciTid (ipevtuTes on tobch side heliiud the head / tlio iuneT 
Irmnchial dlicts terminate in a separate eommon tithe. Intestine 
with a spiral valve, small. The larvcc without teeth^ 

and with a siiujle continuous vertical fin, 

“ Lampreys ” are found in the rivers and on the coasts of 
the temperate regions of the northern and southern hemi- 
spheres. Their habits are but incomplete^ hit)wn, but so 
much is certain that at least some of them ascend rivers 
periodically for the purpose of spawning, and that ^he young 
pass several years in rivers, whilst they undergo a metamor- 
phosis (see p. 170). They feed on otlier fishes, to which they 
suck themselves fast, scraping olf tlic flesh with their teeth. 
Whilst thus engaged they are carried about by their victim ; t 
Salihon have been captured in the middle course of the 
Ehine with the Marine Lamprey attached to them. 


/ 


1 

Fig. 315.— Mouth of Larva of Fig. 316.— Mouth of Petrornyzon fluviatil^s.. 

Petromyzori braiichialis. mx, Maxillary tooth ; md, Mandibul ary 

tooth ; I, Lingual tooth ; 5, Suctorial te^th.. 

Petromyzon. — Dorsal fins two, the posterior continuous wii^h 
the caudal. The maxillary dentition consists of two teeth placed « 
close together, or of a transverse bicuspid ridge lingual teeth 
serrated." 

The Lampreys belonging i(f this genus are found in the 
northeni hemisphere only ; the British species are the Sea- 
Lamprey (P* marinus), exceeding a length of three feet, ai^ 

uncommon on the European and North American coasts^; 
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arge numbers the rivers of Europe, North America, and 
fapan, and scarcely attaining a length of two' feet; tflie 
' Pride ” or “ Sand-Piper ” or Small Lamperu (7>. hranckialih), 
icarcely twelve inches long, the larva of wliich lias been loin' 
mown under the name of Ammocodcs, 

Ichthyomijzon from the western coasts of Nortli America 
s said to ha?e a tricuspid maxillary tooth. 

Mordacia. — Dorsal fins two, the posterior coiitinvions with 
he caudal. The maxillary dentition consists of two triangular 
roups, each with three conical acute cusps ; tAvo pairs of s(UTated 
iiigual teeth. • 

A Lamprey {M. mordax) Irom the coasts of Cliile and 



Fig. 31 7.-r-.Moutli of .Mordficia iiumlax, do.sed and ojicned. 

asmania. This fish seems to he pirovided sometimes with a 
alar sac, like the following.^ 



Fig. 318. — Mordacia mordax. 


Geotria. — Dorsal fins tAvo, the posterior separate from the 

^ Fig. 317 is taken from a specimen in which the homy covers <>f tlw 
ntition were lost, hence it does not represent accurately the shape pf thp 
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caudal.' Maxillary lamina with four sharp flat lobes; a pair of 
long pointed lingual teeth. 

Two species, one from Chile and one from South Australia. 
They grow to a length of two feet, and in some- specimens 
•the skin of the throat is much expanded, forming a large 
pouch. Its physiological function is not known. The cavity 
is in the subcutaneous cellular tissue, and ddes not com- 
municate with the buccal or branchial cavities. Probably it 
is developed with age, and absent in young indivi(|uals. In 
aU the localities in which these Extra-european Lampreys 
are found, Ammococtes forms occur, so that there is litt e 
doubt that they undergo a similar metamorphosis as 1. 
dranchialis. 

Second Family — Myxinida;. 


Body eel-shaped, naked. The single nasal aperture is above 
the mouth, quite at the extremity of the head, which rs provided 
with -four pairs of harhels. Mouth without lips. Nasal 
duet without cartilaginous rings, penetrating 


the palate. One median tooth on the palate, 
and two comb-like series of teeth on the tongue 
(see Fig. 101). Branchial apertures at a 
great distance from the head; the inner 
branchial ducts lead into the oesophagus. A 
series of mucous sacs along each side of the 
!§ abdomen. Intestine without spiral valve. 
Eggs large, icith a horny case provided with 

threads for adhesion. < 

The fishes of this family are known by 

tte »»»- of “ OMoo- 

enlarged. or “Borer;” they are manne fishes with a 

ein^ilar distribution as the Gadidie, being most plentiful in 
the higher*latitudes of the temperate zones of the northern 
&id Southern hemispheres. They are frequently found buried 
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in the abdominal cavity of other fishes, especially Gadoids, 
into which they penetrate to feed on their flesh. .Tliey set^^^ete 
a thick glutinous slime in incredible ([uantities, and are 
therefore considered by iisliermeu a great nuisance, seriously 
damaging the fisheries and interfering witli the fishing in 
localities where they al)onnd. descends to a depth 

of 345 fatfioms, and is generally met with in the Norwegian 
Fjords at 70 fathoms, sometimes in great abundance. 

MvifiNE. — One external branchial aperture only on each side 
of the abdomen, leading by six ducts to six branchial sacs. 

Three specie>^ from the North Atlantic, Japan, and Magel- 
liten’s Straits. 



Fig. 320. — Myxiiie australis. A, Lower asi>ect of liead ; a, Nasal aperture ^ 
h, Mouth ; g, liraiichial aiauturc ; v, Vent. 

Bdellostoma. — Six or more external branchial apertures on 
each side, each leading by a separate duct to a branchial sac. * 

“ Two species from the South iVicific. 



FOUETH SUB-CLASS— LEPTOCARDII. 


Skeleton memlrano-cartilaginous and notochordal, ribless. 
No brain. Pulsating sinuses in place of a heart. Blood 
colourless. Respiratory cavity confluent with the abdominal 
cavity ; branchial clefts in great number, the water ^eing ex- 
pelled by an opening in front of the vent. Jaws none. 

This sub-class is represented by a single family (^Cirro- 
stomi) and by a single genus {Branchiostoma) ;Mt is the lowest 
in the scale of fishes, and lacks so many characteristics, not 
only of this class, but of the vertebrata generally, that Hmckel, 
with good reason, separates it into a separate class, that of 
Acrania. The various parts of its organisation have been 
duly noticed in the first part of this work. 

The “ Lancelet ” {Branchiostoma lanceolatum, see Fig. 28, 
p. 63), seems to be almost cosmopolitan within the temperate 
and tropical zones. Its small size, its transparency, and the 
rapidity with which it is able to bury itself in the sand,^ 
are the causes why it escapes so readily observation, even at 
localities where it is known to be common. Shallow, sandy 
parts of the coasts seem to be the places on which it may 
be looked for. It has been found on many localities of the 
British, and generally European coasts, in North America, 
the West Indies, Brazil, Peru, Tasmania, Australia, and 
Borneo. It rarely exceeds a length of three inches. A 
smaller species, in which the dorsfj fringe is distinctly higher 
and, rayed, and in which the caudal fringe is absent, has been 
described under the name of Bpigionichthys pulchellus ; it 
was found in Moreton Bay. 

* This name is two years older than Amphioxus. 
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DIEECTIONS rOU COLLECTING AND 
PEESEKVING FISHES. 

Whenever practicable fislics ought to be preserved in s])irits. 

To insure success in preserving specimens the best and 
strongest spirits should be procured, whicli, if necessary, can be 
reduced to the strength required during the jourm^y with water 
or weaker spirit. Iravellers frequently have great difliculties in 
procuring spirits during their journey, and thereforci it is advis- 
able, especially during sea voyages, that the traveller sliould take 
a sufficient quantity with him. Pure spirits of wine is best. 
Methylated spirits may be recommeiidfal on account of their 
cheapness ; however, specimens do not keep equally well in this 
fluid, and very valuable objects, or such as an; destined for 
minute anatomical examination, should always be kept in pure 
spirits of wine. If the collector has exhausbul his suj)ply of 
spirits he may use arrack, cognac, or rum, provided tliat the fluids 
contain a sufficient quantity of alcoliol. Generally sj)eaking, 
spirits which, without being previously lieated, can be ignited by 
a match or taper, may be used for the purf)oses of conservation. 
The best method to test the strength of the s))irits is the use of 
a hydrometer. It is immersed in the fluid to be measured, and 
the deeper it sinks the stronger is the spirit. On its scale the 
number 0 signifies what is called proof spirit, the lowest 
degree of strength which can be used for the conservation of fish 
for any length of time. Spirits, in which specimens are packed 
permanently, should be from 40 to 60 above proof. If the 
hydrometers are made of gl^ss tliey are easily broken, and there- 
fore the traveller had better provide himself with three or four 
of them, their cost being very trifling. Further, the collector 
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will find a small distilling apparatus very useful. By its means 
he is able nqt/ only to distil weak and deteriorated spirits or any 
other . fluid containing alcohol, but also, in case of necessity, to 
prepare a small quantity of drinkable spirits. 

Of collecting vessels we mention first those which the collector 
requires for daily use. Most convenient are four-sided boxes 
made of zinc, 18 in. high, 12 in. broad, and 5 in. wide. They 
have a round opening at the top of 4 in. diametef, which can 
be closed by a strong cover of zinc of 5 in. diameter, the cover 
being screwed Into a raised rim round the opening. In order to 
render the cover air-tight, an indiarubber ring is fixed Ibelow its 
margin. Each of these zinc boxes fits into a wooden case, the 
lid of which is provided with hinges and fastenings, and which 
on each side has a handle of leather or rope, so that the box can 
be easily shifted from one place to another. These boxes are in 
fact made from the pattern of the ammunition cases used in the 
British army, and extremely convenient, because a pair can be 
' easily carried strapped over the shoulders of a man or across the 
back of a mule. The collector requires at least two, still better four 
or six, of these boxes. All those specimens wliich are received 
during the day are deposited in them, in order to allow them to 
be thoroughly penetrated by the spirit, which must be renewed 
from time to time. They remain there for some time under the 
supervision of the collector, and are left in these boxes until 
they are hardened and fit for final packing. Of course, other 
more simple vessels can be used and substituted for the collecting 
boxes. For instance, common earthenware vessels,- closed by a 
cork or an indiarubber covering, provided they have a wide 
mouth at the top, which can be closed so that the spirit does not 
evaporate, and which permits of the specimens being inspected at 
any moment without trouble. Vessels in which the objects are 
permanently packed for the home journey are zinc b6xes of various 
sizes, closely fitting into wooden cases. Too large a size should 
be avoided, because the objects tRemselves may suffer from, the 
superimposed weight, and the risk of injury to the case increases 
with its size. It should hold noi more than 1 8 cubic feet 
, at most, and what, in accordance with the size of the specimens, 
: has.tb be added in length should be deducted in depth or breadth. 
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The most convenient cases, but not sufticient for all specimens, 
are boxes 2 feet in length, 1 1 foot broad, and 1 i\^t deep. ^ The 
traveller may provide himself with such cases ready made, 
packing in them other articles which he wants during his 
journey ; or he may find it num^ conv^'iiient to take with him 
only the zinc plates cut to the several sizes, and join them into 
boxes when they are actually requircMl. Tin* re([uisite wooden 
cases can be procured without much dillicvdty almost evc^rywhere. 
No collector should be without the apparatus and mat(‘rials for 
solderii^, and he should be well acapiainted with their use. 
Also a pair of scissors to cut the zim; p]at(*s ar(^ useful. 

Wooden casks are not suitable for the ])aeking of s])eeimens 
preserved in spirits, at least not hi tropical climates. They 
should be used in cases of necessity only, or l‘or packing of the 
largest examples, or for objects preserved in salt or brine. 

Very small and delicate specimens sliould never be ]).acked 
together with largiu* ones, but s(‘parat(dy, in small bottles. 

3Iode of preserving . — All fishes, with the exception of very 
large ones (broad kinds exceeding 3-4 fi^et in length ; eel-like 
kinds more than G feet long), should be preserved in spirits. A 
deep cut should lie made in the abdomen between the j)ectoral 
fins, another in front of the vent, and one or two more, according 
to the length of the fish, along the middle lin<^ of the abdomen. 
These cuts are made partl}^ to remove the fluid and easily decom- 
posing contents of the intestinal tract, partly to allow the spirit 
quickly to penetrate into the interior. In large fleshy fishes 
several deep incisions should be made with the scalpel into the 
thickest parts of the dorsal and caudal muscles, to give ready 
entrance to the spirits. The specimens are tlien placed in one of 
the provisional boxes, in order to extract, liy means of the spirit, 
the water of which fishes contain a large quantity. After a few 
days (in hot climates after 24 or 48 hours) the specimens are 
transferred into a second box with stronger spirits, and left 
therein for several days. X similaf third and, in hot climates 
sometimes a fourth, transfer is necessary. This depends entirely 
on the condition of the specimens. If, after ten or fourteen 
days of such treatment the specimens are firm and in good con* 
dition, they may be left in the spirits last used until they are 
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finally packed. But if they should be soft, very flexible, and 
discharge a discoloured bloody mucus, they must be .put back in 
spirits at least 20° over proof. Specimens showing distinct signs 
of decomposition should be thrown away, as they imperil all other 
specimens in the same vessel. Neither should any specimen in 
which decomposition has commenced when found, be received for 
the collecting boxes, unless it be of a very rare species, when the 
attempt may be made to preserve it separately in thl strongest 
spirits available. The fresher the specimens to be preserved are, 
the better is the chance of keeping them in a perfect condition. 
Specimens which have lost. their scales, or are otherwise much 
injured, should not be kept. Herring-like fishes, and others with 
deciduous scales, are better wrapped in thin pap(?r or linen before 
being placed in spirits. 

The spirits used during this all-important process of preserva- 
tion loses, of course, gradually in strength. As long as it keeps 
10. under proof it may still be used for the first stage of preser- 
vation, but weaker spirits should be re-distilled; or, if the collector 
cannot do this, it should be at least filtered through powdered 
charcoal before it is mixed with stronger spirits. Many collectors 
are satisfied with removing the thick sediment collected at the 
bottom of the vessel, and use their spirits over and over again 
without removing from it by filtration the decomposing matter 
with which it has been impregnated, and which entirely neutralises 
the preserving property of the spirits. The result is generally 
the loss of the collection on its journey home. The collector can 
easily detect the vitiated character of his spirits by its bad smell. 
He must frequently examine his specimens ; and attention to the 
rules given, with a little practice and perseverance, after the 
possible failure of the first trial, will soon insure to him the safety 
of his collected treasures. The trouble of collecting specimens 
in spirits is infinitely less than that of preserving skins or dry 
specimens of any kind. 

^ When a sufficient numl^r of w?ll-preserved examples have 
been brought together, they should be sent home by the earliest 
opportunity. Each specimen should be wrapped separately in a 
piece of linen, or at least soft paper ; the specimens are then 
paickM as close as herrings in the zinc case, so that no free soace 
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is Rft either at the top or on the sides. When tin', case is full, 
the lid is soldered on, with a round hole about half an inch in 
diameter near one of tlie corners. This hole is feft in order to 
pour the spirit througli it into the case. Care is taken to drive 
out the air which may remain hetwemi the specimens, and to 
surround them completely with spints, until the case is quite 
full. Finally, the hole is closed by a small scpiare lid of tin 
being soldered over it. In order to s(‘e wh(‘llu‘r the case keeps 
in the spirit perfectly, it is turm'd iqjside down and left over 
nighl. When all is found to be sccuia'ly lastciual, the zinc case is 
placed ftito the wooden box and ready for trans])ort. 

Now and then it happens in tropical climatt^s that coll(‘(‘tors 
are unable to keep fishes from decomi)osition even in th(‘ strongest 
spirits without 1)eing al)le to di'tect the caus(‘. In such case's a 
remedy will bo found in mixing a small qiianlily of arseiiic or 
sublimate with the sturits ; Imt the collector ought to inform his 
correspondent, or the r(.'cij)ient of the colleedion, of this admix- 
ture having been made. 

In former times fishes of every kind, even those of small size, 
were preserved dry as flat skins or stuffed. Specimens thus ])re- 
pared admit of a veuy superficial examination only, and therefore 
this method of consc'rvation has lieen abandoiu'd in all larger 
museums, and should be employed <‘Xcei>tionaIly only, for in- 
stance on long Yoyagi's overland, during which, owing to the 
difficulty of transport, neither s})irits nor vessels can lie carried. 
To make up as much as possible for the irnpeifection of such 
specimens, the collector ought to skcftch the fish before it is 
skinned, and to colour the sketch if the spiades is ornamented 
with colours likely to disappear in the dry example*. Collectors 
who have the requisite time and skill, ought to accompany their 
collections with drawings coloured from the living fislies ; but at 
the same time it must be remeunbered that, valuable as such 
drawings are if accompanied by tluj originals from which they 
were made, they can never aeplace t^e latter, and possess a sub- 
ordinate scientific value only. 

Very large fishes can be preserved as skins only ; and col- 
lectors are strongly recommended to prepare in this manner the 
largest examples obtainable, although it will entail some tronbla 
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and expense. So very few large examples are exhibitedf in 
museums, the majority of the species being known from the 
young stage "only, that the collector will find himself amply 
recompensed by attending to these desiderata. 

Scaly fishes are skinned thus : with a strong pair of scissors 
an incision is made along the median line of the abdomen from 
the foremost part of the throat, passing on one side of the base 
of the ventral and anal fins, to the root of the caudal fin, the 
cut being continued upwards to the back of tlie tail close to the 
base of the caudal. The skin of one side of the fish is then 
severed with the scalpel from the underlying muscleS to the 
median line of the back ; the bones which support the dorsal 
and caudal are cut through, so that these fins, remain attached 
to the skin. The removal of the skin of the opposite side 
is easy. More difficult is the preparation of tlie head and 
scapulary region ; the two halves of tlie scapular arch which 
have been severed from each other by the first incision are 
pressed towards the right and left, and the spine is severed 
behind the head, so that now only the head and shoulder bones 
remain attached to the skin. These parts have to be cleaned 
from the inside, all soft parts, the branchial and hyoid apparatus, 
and all smaller bones, being cut away witli the scissors or scraj)ed 
off with the scalpel. In many fishes, which are provided with 
a characteristic dental apparatus in the pharynx (Labroids, Cypri- 
noids), the pharyngeal bones ought to be preserved, and tied 
with a thread to tlie sj^ecimen. The skin being now prepared 
so far, its entire inner surface as well as the inner side of the 
head are rubbed with arsenical soap; cotton-wool, or some 
other soft material is inserted into any cavities or hollows, and 
finally a thin layer of the same material is placed between the 
two flaps of the skin. The specimen is then dried under a 
slight weight to keep it from shrinking. 

^ The scales of some fishes, as for instance of many kinds of 
herrings, are so delicate aijd deciduous that the mere handling 
causes them to rub off easily. Such fishes may be covered with 
thin paper (tissue-paper is the best), which is allowed to dry on 
them ’before skinning. There is no need for removing the paper ® 
before the specimen has reached its destination. 
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^caleless Fishes, as Siluroids and Sturgeons, are skinned in 
he same manner, hut the skin can he rolled up over the head ; 
uch skins can also he preserved in spirits, in wliich cas^* the 
I'aveller may save to himself the trouble of cleaning the head. 

Some Sharks are known to attain to a length of 30 feet, and 
yme Kays t« a width of 20 fi‘et. Idle pn'servation of such 
rigantic specimens is much to he recommend(Hl, and although 
;he difficulties of preserving fishes increase with their size, the 
iperation is facilitated, hccause tlie skins of all Sharks and Kays 
jan easily he preserved in salt and strong hi’ine. Sliarks are 
*kinned*much in the same way as ordinary fislies. In Kays an 
ncision is made not only from the snout to th(‘ (‘iid of the> fleshy 
part of the tail, Imt also a second across the widest part of the 
3ody. When the skin is removed from tin? fisli, it is placed into 
i cask with strong brine mixed with alum, tin; head occupying 
he upper part of the cask ; this is necessary, liecanse this part 
*s most likely to show signs of decomposition, and therefore 
most requires supervision. When the pres(‘rving fluid has 
become decidedly weaker from the extracted lilood and water, 
it is thrown away and replacc^d by fresh l)rine. After a weih’s 
or fortnight’s soaking the skin is taken out of the cask to allbw 
the fluid to clrain off ; its inner side is covered with a thin layer 
of salt, and after being rolled up (the head being insid(‘) it is 
packed in a cask, the liottom of which is covci ed with salt ; all 
the interstices and the top are likewise filled with salt. The 
cask must be perfectly water-tight. 

Of all larger examples of which the skin is prepared, the 
measurements should be taken before skinning so as to guide 
the taxidermist in stuffing and mounting the specimens. 

Skeletons of large osseous fishes are as valuable as their 
skins. To preserve them it is only necessary to remove the soft 
parts of th€ abdominal cavity and the larger masses of itiuscle, 
the bones being left in their natural continuity. The remaining 
flesh is allowed to dry on <the bongs, and can be removed by 
proper maceration at home. The fins ought to be as carefully 
attended to as in a skin, and of scaly fishes so much of the 
external skin ought to be preserved as is necessary for the 
determination of the species, as otherwise it is generally 
possible to determine more than the genus. s 
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A few remarks may be addei as regards thofe ^^urise, w^iicii 
promise most results to the exjDlorer, with some hints as to 
desirable information on the life and economic value f fishes. 

It is surprising to find how small the number is of he fresh- 
water fiiunse which may be regarded as well explored ; thoivers 
of Central Europe, the Lower Nile, the lower and fniddle cour^^j.g^]_ 
of the Ganges, and the lower part of the Amazons are almost th 
only fresh waters in which collections made withoul^ discrimina^7' 
tion would not reward the naturalist. The oceanic areas ar^^^^ 
much better known ; yet almost everywhere novel forms can be 
discovered and new observations made. Most promising and 
partly quite unknown are the following districts: — the Arctic if 
Ocean, all coasts south of 38° hit. S., the Cape of Good Hope, 
the Persian Gulf, the coasts of Australia (with the exception of 
Tasmania, New South Wales, and New Zealand), many of the 
little-visited groups of Pacific islands, the coasts of north-eastern 
Asia north of 35° lat. N., and the western coasts of North and 
South America. 

No opportunity should be lost to obtain 2 ^elaf/ic forms, especi- 
ally the young larva-like stages of development abounding on the 
surface of the open ocean. They can be obtained without diffi- 
culty by means of a small narrow meshed net dragged behind 
the ship. The sac of the net is about 3 feet deep, and fastened 
to a strong brass-ring 2 or feet in diameter. The net is 
suspended by three lines passing into the strong main line. It 
can only be used when the vessel moves very slowly, its speed 
not exceeding three knots an hour, or when a current passes the 
ship whilst at anchor. To keep the net in a vertical position 
the ring can be weighted at one point of its circumference ; and 
by using heavier weights two or three drag-nets can be used 
simultaneously at different depths. This kind of fishing should 
be trfed at night as well as day, as many fishes come to the 
Slirface only after sunset. The net must not be left long in the 
water, from 5 to 20 minutes only, as delicate objects would be 
sure to be destroyed by the force of the water passing through 
the meshes. 

Objects found floating on the surface, as wood, baskets, sea- ^ 
weed, etc., deserve the attention of the travellers, as they are 
generally surrounded by small fishes or other marine animals. 
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'It is of tlie greatest importance to note the longitiule and 
latitude at which the objects were collected in the /ipen ocepn. 

Fishing in great depths hy means of the dredge, can ho 
practised only from vessels specially fitted out for the purpose ; 
and the success which attended the “Challenger,” and North 
American Deep-sea explorations, has developed '])eep-sea fishing 
into such a speciality that the reipiisite information can be 
gathered bdtter by consulting the reports of those expeditions 

than from a general account, such as could be gii en in the present 
work. 

Fish'es offer an extraordinary variety with regard to their 
habits, growth, ct(\, so that it is impossilile to emimi^rate in 
detail the points of interest to which the travellers should pay 
particular attention. Jlow'ever, the following hints may be 
useful. 

Above all, (k^tailed accounts are desirable of all fishes forming 
impoitant articles of trade, or capable of becoming more gmierally 
useful than tliey are at })re.s(‘nt. Tlierefore, deserving of special 
attention are the Sturgeons, Gadoids, Thyrsites and Cliilodactylus, 
Salmonoids, Clupeoids. Wh(?rever tliiNse fislies are found in 
sufficient abundance, new sources may be opened to trade. 

Exact observations should be made on tlic fisluhs tluj llesh of 
whicli is poisonous either constantly or at certain tim(\s and 
certain localities ; the cause of tlie poi.sonous qualities as well as 
the nature of tlie poison should be ascertained. Likenvise the 
poison of fishes j^rovided with sjiecial jioison-organs requires to be 
experimentally examined, especially with regard to its efiects on 
other fishes and animals generally. 

All observations directed to sex, mode of propagation, and 
development, will have special interest: thus those relating to 
secondary sexual characters, hermaphroditism, numeric proportion 
of the sexes, .time of spawning and migration, mode of spawning, 
construction of nests, care of jirogeny, change of form during 
growth, etc. ♦ * 

If the collector is unable to preserve the largest individuals 
of a species that may come under his observation he should note 
at least their measurements. There are but few species of fishes 
of which the limit of growth is known. 

The history of Parasitic Fishes is almost unknown, and any 
2 z 
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observations with regard to their relation to their host as well 
as to their e^ly life will prove to be valuable ; nothing is known 
of the propagation of fishes even so common as Echeneis and 
.Fierasfer, much less of the parasitic Freshwater Siluroids. 

The temperature of the blood of the larger freshwater and 
marine species should be exactly measured. 

Many pelagic and deep-sea fishes are provided with peculiar 
small round organs of a mother-of-pearl colour, distributed in 
series along the side of the body, especially along the abdomen. 
Some zoologists consider these organs as accessory eyes, others 
(and it appears to us with better reason) as luminou^ organs. 
They deserve an accurate microscopic examination made on fresh 
specimens ; and their function should be ascertained from obser- 
vation of the living fishes, especially also with regal’d to the 
question, whether or not the luminosity (if such be their function) 
is subject to the will of the fish. 



Fig. 321. — Scopelus Loops, a pelagic fish, with luminous organs. 


INDEX 


Abdominal Cavity, 123 
Al)doiiiinal (ins, 42 
Abranus,'|602 
Abrostoinns, 596 
Acanthapbrilis, 466 
Acantliias, IbU 
Acantliicus, 576 ' 

AcanUiobrania, 604 
Acanthocliims, 498 
Acantbodcs, 355 
Acaniliodini, 355 
Acantliolabrus, 528 
Acaiitlionus, 547 
Acantliopbtbalimis, 606 
A(!antboi)sis, 606 
Acaiitlio[)torygian, 41 
Acantliopteryi^ii, 374 
Acantborbodtnis, 601 
Acantbunis, 438, 439 
Acanus, 421 
Acara, 53(5 
Acclimatisation, 185 
Aceiitroiiiira, 683 
Acerina, 378 
Acestra, 579 
Achilognatbus, 601 
Acipeiiser, 361 
Acipensci'idic, 360 
Acrocliilus, 601 
Acrochordonicbtbys, 567 
Acrodus, 330 
Acrogaster, 421 
Acrognatbus, 631 
Acrolepis, 370 
AcronuridoB, 438 
Acronunis, 43$ 
Acropoma, 395 
Acyprinoid division, 218 
Adipose eye-lid, 113 
Adipose (in, 42 
AegaBonicbthys, 476 
Aellopos, 325 
Aeluricbthys, 569 
Aesopia, 558 
Aetobatis, 345 
African region, 227 


Agassiz, 20, 31, 32 ' 

Agcniosus, 57*i 
Agnus, 463 
A gold at es, 610 
Agonostonia, 504 
Agonus, 480 
Agraininns, 491 
Agriojms, 116 
Ailia, 566 
Aijuiditlivs, 441 
Air-1.1a(bier, 142 
Akysis, 567 
Albacore, 453 
Albinism, 183 
All)ondIa, 604 
Albiila, 660 
Albulicbtliys, 596 
All)urnns, 603 
Ab‘j)()ce]dialus, 664 [ 

Alcstcs, 608 
Ale-wife, 659 
Alispbenoid, 56, 88 
Allice Sba<l, 659 
Aloi»ecias, 322 
Amliassis, 393 
Amldyo)»sis, 618 
Amblyo])Us-, 489 
A mblyiibaryngodon, 598 
Amblypterus, 370 
Amblyrbyncbiebtiiys, 596; 
Amia, 372 
Amioidei, 370 
Amiurus, 567 
Aminocoetes, 693 
Amrnodytes, 550 
Ainmojdeurops, 559 
Ainmotretis, 557 
Ampbioxus, 696 
Ampbipjfous, 668 * 
Ampbiprion, 525 
Ampbi.sile, 509 
Ampbistium, 442 
An abas, 516 
Anableps, 617 
Anacanthini, 537 
Anacanthus, 684 


Anacyrtns, 611 

AnalVm, 40, 42 
Anam)>ses, 529 
Anapterus, 582 
Ananbiebas, 192 

Anastomns, 6()8 
Ancbovy, t!5(> 
Ancistrodon, 319 
Ancyloibm, 430 
Anema, 463 
Anencbelum, 433 
Angel- lisb, 334 
Angler, 470 
Anguilla, 671 
Angular bone, 54, 91 
Anomalops, 449 
Anoplogaster, 422 
Antarctic ocean, 289 
Antennariiis, 473 
Antbias, 380 
Anticitbarus, 556 
Antigonia., 449 
Apbani»))us, 434 
Apbareus, 390 
Apboristia, 559 
A])bredod('rus, 396 
Ajdiritis, 466 
Apbyoidiarax, 610 
Apbyocyj)ris, 598 
Apliyonus, 548 
Apionicbtbys, 559 
Apistiis, 415 
Aploactis, 417 
A])Ocryptes, 487 
A]>odicbtbys, 496 
Apogon, 394 
Apojdiyses, 51 
A])pendice.s pyloricae, 131 
Aprion, 397 
Apsilns, 397 
Apua, 606 
Arapaima, 654 
Archieiis, 442 
Arcliipterygiuni 74 
Arctic ocean, 261 
Arctic zone, 241 



708 


INDEX. 


Argentina, 650 
Arges, 575 
Argyijppelccua, 028 
Argyriosus, 443 
Aristotle, 1 
Arius, 569 
Arnoglossiis, 556 
Arrliamphus, 621 
Arripis, 393 
Artedi, 9 
Artcflhis, 480 
Artliroptenis, 342 
Articnlary bone, 54, 90 
Articulated rays, 40 
Asima, 405 
Aspidoparia, 602 
Aspidopli oroides, 480 
AspidorhynchidcU, 369 
Aspius, 603 
Aspredo, 580 
Aspro, 379 
Astracanthus, 314 
Astrape, 340 
Astrolepis, 354 
Astronesthes, 629 
Astrophysus, 572 
Astroplebus, 575 
Astroptychiiis, 314 
Ateleopus, 553 
Atherina, 500 
Atheriiiiclitliys, 501 
Atlantic, tro])ical, 278 
Atlantic, nortliern, 262 
Atopocbilus, 570 
Atopomycterus, 689 
Atypichthys, 402 
Auchenaspis, 354 
Aiichenipteriis, 572 
Aucherioglanis, 569 
Aulacocephalus, 383 
Aulolepis, 631 
Auliclithys, 508 
Auliscops, 507, 508 
Aulojius, 587 
Aulopyge, 596 
Aulorhynchus, 508 
Aulostoma, 507, 508 
Ausonia, 455 
Ausonius, 3 
Autochthont, 214 
Autostylic skull, 71 
Auxis, 459 
Avola, 604 

Badis, 418 
Baer, 82 
Bagarius, 670 
Bagriehthys, 567 
BaoToMes. 667 


Bagropsis, 568 
Bagrus, 567 
Baird, 29 
Bakker, 32 
Balfour, 32, 33 
Balistes, 684 
Ballaii Wrasse, 527 
Band -fish, 490 
Barbel, 594 
Barbels, 37 
Barbicbthys, 596 
Barbus, 594 
Barilius, 602 
Barracuda, 437, 499 
BaiTainunda, 357 
Baryiiotus, 596 
Basibranchial, 58 
Ba8ih3^al, 58 
Basioccipital, 56, 87 
Basispbeiioid, 56, 57, 89 
Basking shark, 322 
Bass, 376 

Bastard Doroy, 388 
Bathydraco, 465 
Bathygadus, 552 
Bathylagus, 650 
Bathyiiectes, 547 
Bathyoj)his, 629 
Batliypterois, 583 
Bathysaurus, 582 
Bathythrissa, 666 
Batliyiroctes, 664 
Batoidei, 335 
Batracliocephalus, 570 
Batracliu.s, 467 
Bay ad, 567 
Bdellostoiiia, 6Q5 
Becker, 408 
Bellows-iish, 509 
Belodontichthys, 566 
Bel on, 3 
Belone, 620 
Belonesox, 617 
Belonostomus, 369 
Beni bras, 480 
Beiicdenius, 370 
Bentliophilus, 489 
Berycidae, 420 
Berycopsis, 421 
Beryx, 422 
Betta, 518 
Bib, b41 
Bichir, 364 
Bitterling, 601 
Black Bass, 393 
Black-fish, 452, 527 
Black Head, 596 
Black Horses, 689 i 

RTI Cl i 


Blanchard, 28 
Bleak, 604 
Bleeker, 30 
Bleekeria, 550 
Blenniidne, 492 
Blenniops, 496 
Blennius, 493 
Blennodesmus, 538 
Bleniiophis, 498 
Blenny, 492 
Blepsias, 4$.0 
Blind fish, ^IS 
Bloch, 13 

Blood-corpuscles, 150 
Blue-fish, 447 
Boar-fish, 388, *i49 
Bocage, 28 
Bocourt, 31 
Bola, 602 

Boleophthalmus, 487 
Boleosoma, 379 
Bolty, 535 
Bom bay-duck, 584 
Bonaparte, 28 
Bonelli, 7 
Bonito, 458 
Bony Pike, 367 
Borer, 694 
Botia, 605 
Bovichthys, 465 
Bow- fin, 372 
Box, 406 

Brachionichthys, 474 
Braehyinystax, 646 
Brachypleura, 556 
Brackisli water fishes, 250 
Brain, 97 
Brania, 454 
Branched rays, 40 
Branchice, 136 
Branchial arches, 58 
Branchiostegals, 39, 58, 91 
Branch iostoma, 696 
Bream, 602 
Bregmaceros, 545 
Brill, 555 

British district, 263 
Brontes, 575 
Brook-trout, 646 
Brosmius, 546 
Brotula, 546 
Brotulophis, 549 
Briinnich, 13 
Brycon, 610 
Bryconcethiops, 610 
Bryconops, 610 
Bryttus, 396 
Buccal cavity, 123 
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BuU-head, 476 
Bull-trout, 644 
Bulti, 535 
Butlaloo, 589 
Bumnialoli, 584 
Bungia, 596 
Buiiocejthaliclithys, 580 
Bunoce})lialii.s, 580 
Bunocottus, 480 
purbot, 544 
Bursa eiitiaiui^ 128 
Burton Skate, 341 
Butter-tisli, *496, 533 
Bynni, 594 
Bytliites,^549 

Caciiius, 604 
Caiuotrojius, 607 
C:esio, 390 ,, 

Calaiiioiclitliys, 364 
Califoriiiaii (listrii-t, 271 
Calaniostonia, 680 
Callaiitliias, 381 
Calliclirous, 566 
Call icb thy s, 575 
Oallionyiuus, 489 
Calli])teryx, 462 
Calloinystax, 573 
* Callophysus, 569 
CallorhynchuH, 350 
Call yo( Ion, 532 
Camper, 16 
Campostoiria, 596 
Cantliarina, 405 
Cantliarus, 405 
Cantor, 30 
Capelin, 647 
Capello, 28 

Cape of Good Hope, 283 
Capitodus, 405 
Capoeta, 593 
Cai)ros, 449 
Carangida?, 440 
Caraugox)sis, 442 
Caranx, 442 
Carai)us, 667 
Carassius, 591 
Carboniferous ilshes, 196 
Carcliarias, 316 
Carchariidai, 316 
Carcharodon, 320 
Carcliaropsis, 319 
Cardlike teeth j 126 
Caribe, 613 
Carmoot, 563 
Carp, 589 
Carpals, 59 
Carpiodes, 589 
Cartilage*bones, 87 
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Castelnau, 31 
('atajOiracti, 480 
(kit-lishes, 568 
(’atla, 592 
('atopra, 418 
Cato)>rion, 613 
Catostomus, 589 
Caturida', 371 
(kiudal lin, 40 
(’ebidichthys, 498 
Central American <listrict, 
279 

(\‘ntrarchus, 396 
Centridermicldhys, 177 
Centrina, 331 
( Vuitris(‘us, 509 
( Vntrolabiais, 528 
Centrole]>is, 370 
( ■mitrolophus, 452 
( 'eiitromoc.hlus, 572 
Ccntronotus, 4!M) 

( 'entrophorns, 3‘U 
Centropogon, 417 
Centropomus, 379 
('eiitroj)ristis, 386 
( aMitroscyllium, 332 
Centrum, 51 
(. k*.] )1 1 al at -a n th u s, 4 8 2 
Ce]>halas]>is, 353 
Cej)lialoptera, 347 
Ce]>heno]>losu.s, 368 
Ct^pola, 490 
Ceratias, 472 
Ceratichtliys, 59«) 

( k* ra to 1 )i-an c 1 1 i al , 5 8 
Cerato<Iu.s, 357 
Ceratohyal, 58 
( kratopt(ua, 347 
Cerebellum, 97 
(Jestracion, 330 
(*e.stracioMlida*, 328 
Cetengraulis, 656 
Cetopsis, 572 
Chaca, 564 
Chad, 408 
Chaiiiichthys, 466 
Cluetobranchus, 537 
Clnetodon, 398 
Chaito])t(;rus, 390 
Chadostomus, 576 
Chalceusf 610 ^ 

Clialciuojj.sis, 610 
Clialcinus, 610 
Cham{)Sodon, 464 
Channa, 513 
Chanodichthys, 604 
Chanos, 662 
CharacinidfR, 606 
CharacodoD, 615 


Charr, 645 
(diasmodes, 494 
Chatot-sfus, 657 > 

Chauliodus, 628 
Cluiunax, 474 
(Mieilicf, 530 
Cliela, 604 
('lielmo, 399 
(’hiasmodus, 546 
Chilian district, 288 
Chilinus, 528 
('hilobranclnis, 669 
(Jhil.xla.'tylus, 411 
( 'liihxliptcrus, 395 
( 'liilomyeterus, 689 
( liilorhinus, 674 
(’liiloscylliuMi, 326, 327 
Cliima'ra, 349 
(diimau’ida', 318 
< 3iimarrhiclit]iys, 466 
( 3iiraeaiitlms, 355 
(.’hiroeentrites, 656 
( 'hirocenlrodon, 660 
( 3iiro(’entru.s, 663 
(-3iirodon, 609 
(liirodus, 370 
Cliirolepis, 370 
( 3iiroiiemus, 411 
Cliirus, 491 
( Idorophthalmus, 587 
('hfero))M, 530 
( bologaster, 618 
Cfiomatodus, 329 
(.'homlropferygii, 313 
Choiidrostei, 360 
(’homlrosleiis, 363 
Clioiidrostoma, 600 
Chonla dorsalis, 63 
Choriiuunns, 446 
( 'liorismodaetylus, 417 
( hiorisoeliismus, 512 
( 'hroruatopliors, 1 83 
Chromides, 534 
Chroini.s, 535 
Clirysichthys, 567 
Clirysoplirys, 409 
Chub, 596, 599, 600 
Cichla, 536 
Ciehlops, 466 
Circulation, organs of, 150 
Cirrhilabrus, 630 
Cirrhina, 596 
Cirr bites, 411 
Cirrliitida3, 410 
Cirrostorni, 696 
Citharichthys, 556 
Citliarinus, 607 
Cithanis, 656 
CladacanthuSi 314 
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Cladodus, 328 
Clarias, 563 
Claroteii, 567 
Claspers, 167 
Clavicula, 59, 92 ^ 

Clepticus, 530 * 

Climbing Perch, 516 
Clinus, 495 
Cloudy Bay cod, 549 
Clupea, 658 
Clupeichthys, 660 
Clupeoides, 660 
Cnidoglanis, 564 
Coal-tish, 541 
Cobitis, 605 
Coccia, 628 
Coccosteus, 351 
Cochlogriatbu«, 596 
Cocliliodus, 329 
Cock-and-hcii Paddle, 484 
Cod-tishes, 539 
Coecal stomach, 130 
Coelacanthidfe, 365 
Coelodus, 367 
Coelogaster, 656 
Coelonotus, 681 
Coelorhynchus, 433 
Coffer-fish, 686 

Coilia, 657 
Collichthys, 430 
Commerson, 13 
Conger, 673 
Congrogadina, 550 
Congromursena, 674 
Conodoii, 386 
Coriodonts, 193 
Conodus, 368* 

Conorhynchus, 569^ 

Conus arteriosus, 151 
Cook, 527 
Copidoglanis, 564 
Coracoid, 59, 92 
Coral-fishes, 397, 525 
Corax, 317 
Coregonus, 647 
Coridodax, 533 
Coris, 530 
Cork-wing, 527 
Cornide, 13 I 

Corpora quadrigemina, 103 
Corpora restiformia, 99 
Corpora striata, 100 
Corvina, 430 
Corvo,’429 
Corynopoma, 607 
Coryphaana, 452 
Coryphaenoides, 552' 
Cosmolepis, 370 
Cosmoptyctos, 370 


Cossyphus, 528 
Costa, 28 
Cottoperca, 466 
Cottus, 476 
Cotylis, 512 
Couch, 27 
Couch ia, 544 
Craig-tluke, 557 
Creagrutus, 610 
Creninobates, 495 
Crenicichla, 537 
Crcnidens, 406 
Crenilabrus, 527 
Crenuchus, 612 
Crepidogaster, 513 
Cretaceous fisbes, 199 
Cricacanthus, 314 
Cristiceps, 495 
Crossochilus, 596 
Crossognathus, 656 
Crossorhinus, 328 
Crossostoiiia, 604 
Crucian carp, 591 
Crura cerebri, 98 
Cryptacanthodes, 496 
Cryptopterus, 566 ^ 
Ctenododipterkhu, 359 
Ctenodus, 359 
Ctenoid scales, 46 
Ctenolabrus, 527 

Ctenophary ngodon , 601 
Ctenopoma, 516 
Ctenoptychius, 329 
Cu biceps, 456 
Culter, 604 
Curimatus, 607 
Cut-lips, 596 
Cuvier, 17 
Cyathaspis, 354 
Cybium, 459 
Cyclobatis, 340 
Cycloid scales, 46 
Cyclopoma, 375 
Cyclopterus, 484 
Cycloptych ius, 370 
Cyclostomata, 691 
Cyclurus, 588 
Cyema, 670 
Cyraolutes, 530 
Cyhodon, 6il 
Cynogiossus, 558 
Cynolebias, 615 
Cyprinidae, 587 
Cyprinion, 598 
Cyprinodon, 614 
Cyprinoid division, 217 
Cyprinus, 589 
Cyttidae, 450 
Cyttus, 451 


Dab, 557 
Dace, 599, 600 
Dactylopterus, 481 
Dactyloscopus, 498 
Daiigila, 596 
Danio, 602 
Dascyllus, 525 
Datnioides, 397 
Daurade, 409 
Day, 30 
Deal-fish, 6 ^ 

Decodon, 530 
Deep-sea fishes, 296 
Dekay, 29 
Dendrodus, 365 ^ 

Dentary, 54, 91 
Dentex, 389 
Dercetis, 666 
Dermal spines, 53 
Deriuoskeleton, 85 
Devil-fishes, 344 
Devonian fishes, 193, 194 
Diagramma, 386 
Diana, 455 
Dibraiichus, 475 
Dicerobatis, 347 
Dicotylichthys, 689 
Dicrotus, 437 
Dictyosoma, 498 
Didyinaspis, 354 
Digestion, organs of, 121 
Dimeracanthus, 314 
Dinematichthys, 549 
Dinichthys, 352 
Diodon, 689 
Dioecious, 157 
Diplocrepis, 513 
Diplomystax, 569 
Diplophos, 629 
Diploprion, 383 
Diplopterus, 365 
Dipnoi, 355 
Dipterodon, 406 
Dipterus, 359 
Diptychus, 595 
Diretmus, 449 
Discoboli, 483 
Discognathus, 593 
Discopyge, 340 
Distichodus, 612 
Ditrema, 534 
Dog-fishes, 325, 619 
Doliichthys, 487 
Dolphins, 453 
Domesticated fishes, 185 
Domine, 436 
Donovan, 17 
Doras, 572 
Doratonotus, 530 



Dorsal fin, 40 
Dorsch, 540 
Dory, 450 
Doryiclitliy^^, 681 
Doydixodon, 406 
Dragoiiet, 489 
Drepaue, 402 
Drepanephorus, 331 

Drum, 427 
Ductor, 442 

Ductus cliolot^ocbus, 133 
Ductus cysticus, 133 
Duliamcl, IS 
Dules, 384 
Dumcril, .33 
DussuiniSria, 662 
Duvcrucy, 7 
Duyiiucria, 530 


Eagle-Hays, 344 
Ear, 116 
Echeiicis, 460 
Echiuorliiuus, 333 
Ecliiostoma, 629 
Ectoptcrygoid, 90 
Eda]>liodoii, 349 
Eel, 671 
Eel-pout, 544 
Egertouia, 526 
Elacate, 460 
Elasmo<lus, 349 
Elasmogiiathus, 349 
Electric Eel, 667 
Electric organs, 94 
Electric Rays, 339 
Electric Hlieath-tisb, 5/4 
Eleotris, 488 
Eloniclitbys, 370 
Elopichthys, 604 
Elops, 661 
Eml>iot(H‘idre, 533 
Enchelioplds, 549 
Eiiclielycore, 677 
Encliodus, 433 
Endoskeleton, 85 
Eugraulis, 656 
Euncodou, 687 
Enoplosus, 380 
Entopterygoid, 55, 90 
Epalzeorliynclius, 596 
Epldppos, 402 
Epibrauchial, 59 
Epibulus, 528 
Epicoracoid, 59 
Epididymis, 167 
Epigionicbtbys, 696 
Epibyal, 58 
Epinnula, 436 
Epioticum, 88 
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Epitympanic, 55 
Eipiatorial zone, 218, 272 
E<pu‘s, 431 
Eipmla, 449 
Eremopbilus. 581 

Eretbistcs, 580 
Ericymba, 596 
Erytbri' btbys, 391 
Krytbrinus, t)07 
Esiliolar, 43/ 

Esox, 624 
Etclis, 397 
EtbeostomaiidiP, 379 
Etbmoid, 57, 89 
Etro}»lus, 534 
Etrumeus, 662 
Euancmus, 572 
Euctcnogobius, 487 ^ 

E n g 1 y 1 ‘t ost e r n u m , 5 7 1 
Eugnatbus, 368 
Eulacbou, 647 
Eidepidotus, 368 
Euoxymeto[)on, 434 
Euprotomicrus, 334 
Europo- A sial ic region, 243 
Eurynolus, 370 
EurYl>bolis, 666 
Eurysomus, 370 
Euslira, 60 4 
Eutro]>iicbtbys, 566 
Eutro)»ius, 566 
Evortbodus, 487 
Exoccijutal, 56, 87 
Exocoetus, 621 
Exoglossum, 596 
Exostoma, 580 
Eye, 36, 111 


Frost-fisb, 436 
Fuegianoiubregion, 248 
Fundulus, 615 


Fa nn ICTUS, 13 
Fall'tisl), 600 
Fierasfcr, 549 
Figbting-bsb, 519 
File-lisbes, 684 
Fins, 40 

Fisbing-Frog, 470 
p'istularia, 5o7, 508 
Fit/.royia, 61 o 
Flat-iisbes, 553 
Flounder, 5o7 
Flute-ntf)utb, 507 ^ 
Flying-fisb, 021 
Flying Gurnard, 482 
Forskal, 13 
Forster, 13 

Freshwater-fishes, 208 
Freshwater-Herring, 645 
Fries and Ekstrom, 27 
Frog-fish, 470 


Gadioulus, 541 
Gadida*, 539 ^ 

Gad^>psi^^ 53/ 

Gadus, 539 

Galapagoes district, 280 
CJalaxias, 624 
(ialeicbthys, 569 
Gab-oct-rdo, 317 
Galcoides, 425 
Gabujs, 318 
I Gallo, 451 

(Jtiinbnsia, 616 
Gan(»dus, 349 
GaiK'idci, 3;)0 
Ganoid scales, 4/ 
Gar-i>ike, 367, 620 
(Pispcrcau, 659 
Gaslrocbisma, 455 
Gastrocnemns, 452 
(iastromy/on, 604 

(bvstTojx'lccns, 610 

Gastrostens, 505 * 

G astro tokens, 682 
Gazza, 450 
(h'gcnbaur, 32 
G<‘ni])ylus, 437 
(kmiibms, 569 
G<*nyoroge, 384 
Genyptcrus, 549 
GeoilVoy, 33 
(loopbagns, 537 
I Geotria, 693 
Gerres, 388 
Gillavoo, 645 
Gill-cover, 38^ 
Gill-o})cning, 38 
Gill-rakers, 59, 139 
(dlls, 136 
(JiltluN'id, 409 

Ginglyniostoma, 326 
Giraialinus, 618 
Girelbi, 406 ^ 
Glanidinrn, 572 
I Glanis, 566 
Glaucosorna, 384 
(Jlobe-tisb, 687 
Glossobyal, 58 
Glottis, 149 
Glut, 673 
Glutinous hag, 694 
Glypbidodon, 525 
Glyptauchen, 415 
Glyptolsemufl, 865 
Glyptolepiii, 365 



Glyptopomus, 365 
Glyptosteniuin, 572 
Gmelin, 13 
GobiesocidfB, 510 
Gobiesox,'513 
Gobio, 595 
Gobiodon, 487 
Gobiosoiria, 487 
Gobius, 486 
Goby, 486 
Gold-fish, 591 
Gold-Sinny, 527 
Gomphodus, 319 
Gomphosus, 530 
Goiiatodus, 370 
Gonio<?iiatliiis, 452 
Gonorhynclius, 652 
Gonostoma, 629 
Gouranii, 517 
Gmmmistes, 382 
Granular teeth, 126 
Graphiurus, 365 
Grayling, 649 
Greenland Shark, 333 
Grey Mullet, 501 
Grig, 673 
Gron»w, 12 
Growler, 393 
Growth of Fishes, 170 
Grystes, 392 
Gudgeon, 596 
Gular plates, 80 
* Giildenstedt, 13 
Gunellichthys, 498 
Gunnel-fish, 496 
Gunther, 27, 30 
Gurnard, 479 
Gwyniad, 649 
Gymnachirus, 558 
Gymnarchiis, 626 
Gymnelis, 538 
Gymnocrotaphus, 406 
Gynmocypris, 595 
Gymnomurasna, 677 
Gymnoscopelus, 585 
Gymnotus, 667 
Gyracanthus, 314 
Gyrodus, 367 
Gyropristis, 314 
Gyroptychius, 365 

Haddock, 540 
Hadot, 540 
Hsemal arches, 86 
Haemal spine, 52 
Haemapophyses, 51 
Haemiilon, 386 
Hag-fish, 694 
Hair-tail, 436 


Hake, 542 
Halargyreus, 541 
Halec, 656 
Halecidce, 656 
Half-beak, 621 
Halidcsmiis, 549 ^ 

Halieiitaea, 475* 
Halieutichthys, 475 
Ilaliophis, 550 
Haller, 16 
Haloporphyrus, 543 
Halosauridiu, 665 
Hamilton, 17 
Hammerhead, 318 
Hapalogenys, 386 
Haplochilus, 615 
Haj)lochiton, 651 
Haplodactylina, 406 
Hapuku, 392 
Harpagifer, 467 
Harpodon, 583 
liarttia, 580 
Hasse, 32 
Hasselquist, 13 
Hausen, 361 
Head, 36 
PI cart, 150 
Heckel, 28 
Hector, 32 
Heliastes, 525 
Helicophagus, 566 
Heliodus, 359 
Helmichthys, 180 
Helogenes, 567 
Helotes, 385 
Hemerocoetes, 491 
Pfemichromis, 535 
Hemiculter, 604 
Hemigaleus, 319 
Hemigymnus, 530 
Hemilepidotus, 480 
Hemiodus, 607 
Hemipimelodus, 569 
Hemipristis, 317 
Hemirhamphus, 621 
Hemirhombus, 556 
Heniirhynchus, 437 
Hemisaurida, 582 
Hemisilurus, 566 
Hemisorubim, 568 
Hemithyrsites, 434 
HemitHchas, 656 
Pleinitripterus, 417 
Heiiiochus, 399 
Heptanchus, 325 
Heptaptems, 581 
Hermaphroditism, 157 
Heros, 536 
Herring, 668 


Heteracanth, 41 
Heterobranchus, 563 
Heterocercy, 80 
Heteroconger, 674 
Heterognathodon, 389 
Heterolepidotidne, 491 
Heteropygii, 618 
Heterostichus, 498 
Heterotis, 655 
Hexanchus, 325 
Hexapsephi^, 588 
Himaiitolopims, 472 
Hippocampus^, 683 
Hippoglossoides, 555 
Hippoglossus, 555 
Histiophorus, 431 
Histiopterus, 387 
Holacantlius, 400 
Holibut, 555 
Hollardia, 684 
Holoceiitrum, 423 
Holocepliala, 348 
Holopliagus, 365 
Holoptychida', 365 
Holosteus, 619 
Homacanth, 41 
Homaloptera, 604 
Hombi’on et Jacquinot, 27 
Homelyn Ray, 341 
Homocan thus, 314 
Homocercy, 83 
Honioeohq)is, 366 
Homonotus, 421 
Hopladelus, 568 
Hoplichthys, 478 
Hoplognathus, 410 
IIoplopleuridcT, 665 
Hoplopteryx, 421 
Hoplopygus, 365 
Hoplostethus, 421 
Hoplunnis, 674 
Horse-mackarel, 442 
Hounds, 319 
Huchen, 645 
Humeral arcli, 59 
Hunds-lish, 619 
Hunter, 16' 

Huro, 393 
Hutton, 32 
Huxley, 33 
Hybernation, 188 
Hybodontidae, 328 
Plybognathus, 696 
Hyborhynchus, 596 
Hybridism, 178 
Hydrocyon, 611 
Hygrogonus, 536 
Hyodon, 653 
Hyoid arch, 68 



HyomandiDiuar, yu, 
Hyoprorus, 674^ 

Hyoptopoma, 578 
Hyostylic skiill, 74 
Hypainia, 372 
Hyperoglypke, 387 
Hyperopisiis, 625 
Hyimos, 340 
H>l)obraTicbial, 58 
Hyporaessus, 647 i 

’ llypoplithaluii^litliys, 602 

Hypophtlialiims, 566 
Hypophysis, *08 
Hyi)otyinpaiuc, 55 
Hypsinotus, 402 
Ilypsodon* 500 
Hypural, 53, 84 
Hyrtl, 32 

Hysterocarpos, 534 , 

Hystricodoii, 611 


ICKLirs, 477 
Ichthyborus, 612 
I cb tb y 00 am p us, 6 8 1 
Tclitliyodorulitcs, 194 
Iclitbyoniyzon, 693 
Id, 599 

Ikau sumpit, 403 
Iinpregiiatioii, artificial, 
186 

Indian region, 220 
Indo-Pacitic ocean, 278 i 
Infraorbital, 54 I 

Infundibulum, 98 
Interbiemals, 53 
Intermaxillary, 53 
Interneurals, 53 
Interoperculum, 38, 55, 91 
Intestine, 127 
Ipnops, 585 
Iscbyodus, 349 

IscbyroceV)balus, 666 
Isistius, 334 
Istbmus, 39, 58 
Isurus, 457 

Japanesk district, 270 
Jenyns, 27 ^ 

Jenynsia, 616 
John Dory, 451 
Jugular tins, 42 
Julis, 529 

Kabeljau, 540 
, Kalm, 13 

Kamtscbatkan district, 
269 

Karauscbe, 591 
Karpfen, 689 


Kaup, 33 
Kelb el babr, 611 
Kelb el moyeb, 611 
Kelp-fisb, 533 
Keris, 440 
Ketengus, 569 
Kidney, 155 

King of tbe berrings, 522 
Klein, 12 
Klipviscb, 549 
Klunzinger, 30 
Kner, 27, 28 
Kncria, 606 
Kokopu, 625 
Kdlliker, 32 
Kovalevsky, 33 
Krbyer, 27 
Kurtus, 425 


Labberdat^, 540 
Labeo, 593 
Labials, 64, 69 
Labrax, 376 
Labricbtbys, 530 
Labrida*, 525 
Labroides, 530 
Labrus, 526 
Labyrintbici, 514 
liacbnobemus, 528 
Lacbs, 644 
1 Lacepede, 15 
1 Lactarius, 450 
Ladislavia, 596 
Ltcmargus, 333 
Ltemonema, 543 
Lau)].).s, 557 
Lais, 566 

Lamina) brancbiales, 13b 
Lamna, 320 
Lamnidie, 319 
Lampern, 692 
Lamiuns, 454 
Lamprey, 692 
Laneelet, 696 
lianioperca, 397 
Larimus, 431 
Lateral line, 48 
Lates, 377 
Latilus, 466 
Latris, 4?|2 ^ 

Latrunculus, 486 
Launce, 550 
Leatber-carp, 591 
Lebiasina, 607 
Lemon-sole, 558 
Lentipes, 487 
Lepadogaster, 513 
Lepidoblennius, 498 


Lepidocepbalus, 6UO 

Lepidoco*!tus, 476 •> 
Lepidopsetta, 556 
Lepidopus, 435 
Lepidosiren, 355 
Le})idosteidce, 367 
Lcpidotrigla, 479 
Lepidotus, 368 
l.epidozygus, 525 
Leporinus, 608 
Lepracantbus, 314 
Leptacantbus, 3Lf 
Leptobarbus, 597 
lA'ptocarcb arias, 319 
Leptocardii, 696 
Leptocepbali, 179 
la'ptoicbtbys, 681 
Leptojulis, 529 
Leptolepida', 371 

Leptopterygius, 51 3 
Leptoscojms, 463 
lieptosomus, 656 
lA^ptotracbelus, 666 
Lesson, 26 
Letbrinus, 407 
Leucas]tius, 604 
Leuciscus, 598 
Leucosomus, 600 
Liacantbus, 314 
Liacbirus, 558 
Liassic lisbes, 198 
Ijicbia, 446 

Ligamentum longitudi- 
nal e, 72 
Limnurgiis, 615 
Ling, 544, 549 
liimueus, 10 
Liocassis, 567 
Liopsetta, 556 


Lioscorpius, 415 
Liparis, 485 
Idposarcus, 576 
Liver, 132 
Load), 604 
Lobotes, 387 
Loncburus, 431 
Lopbiogobius, 487 
LopbiosHurus, 569 
Loydiiostomus, 368 
Lopbius, 470 
Lopbobrancbii, 678 
Lopbonectes, 556 
Loricaria, 578 
Lota, 544 
Lotella, 543 
Loxodon, 319 
Lucania, 615 
Lucifuga, 547 
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Lucioceplialiclaj, 519 
Luciogobius, 489 
Liicio^jerca, 378 ' 

Liiciosoma, 598 
Liiciotrutta, 646 
Lump-sucker, 484 
Liitken, 3*2 
Lycodes, 537 

Mackerel, 456, 457 
Mackerel Midge, 544 
Macrodoii, 607 
Macrolepis, 421 
Macrones, 567 
iMacropoma, 365 
Macropus, 51 7 
Macrosemius, 368 

Macniiidoe, 557 
Macruroiius, 55*2 
Macrurus, 552 
Ma*iia, 390 
Maliaseer, 594 
Malacautiius, 467 ^ 
Malacoceplialus, 552 
Malacopterus, 528 
Malacopterygiaii, 41 
Malacosteus, 629 
Malapterurua, 574 
Mallotus, 647 
Malpighi, 7 
Malpighian corpuscle, 155 
Malthc, 475 
Mandible, 54 
Margrav, 7 
Marine -fishes, 254 
Mary sole, 555 
Maskinoiige, 624 
Mastaceinbelus, 498 
Mastoid, 57, 88 
Maurolicus, 6*28 
Maynea, 538 
Maxillary, 53, 90 
Meagre, 427 
Meckel’s cartilage, 54 
Meda, 601 

Mediterranean district, 

264 

Medulla oblongata, 98 
Megalichthys, 365 
Megalobrycon, 610 
Megalops, 661 
c Meidinger, 13 
Melamphaes, 423 
Melanocetus, 473 
Melanonus, 641 
Membrane-bones, 76, 84 
Mendosoma, 412 
Mene, 465 
Menhaden, 659 


INDEX. 

Merluccius, 642 
Mesencephalon, 97 
Mesoariuin, 158 
Mesodon, 367 
Mesogaster, 500 
Mesolepis, 370 
Mesonaiita, 536 
Mesoprioii, 384 
Mesops, 537 
Mesopterygium, 70 
Mesotympanic, 55 
Mesturus, 367 
Metacarpals, 59 
Metamorphosis, 170 
Metapterygium, 70 
IMetapterygoid, 55, 90 
Meteiicephaloii, 97 
Micracantlius, 519 
Microconodus, 37 0 
Microdesmus, 538 
Microdon, 367 
Micropogon, 428 
Micropteryx, 443 
Micropus, 416 
Microstoma, 650 
Miller’s-tliumb, 476 
Minnow, 596, 599 
Minous, 417 
Misguriius, 604 
Mishcup, 408 
Mitchell, 17 
Mixogamous, 177 
Mollienesia, 617 
Molva, 544 
Monacan thus, 684 
Monk- fish, 334 
Monocentris, 421 
Monocirrhus, 418 
Monopterus, 669 
Moon-eye, 653 
Mora, 541 
Mordacia, 693 
Moriugua, 675 
Mormyrops, 626 
Mormyriis, 6*25 
Mossbanker, 659 
Motella, 544 
Mouth, 37, 123 
Moxostoma, 589 
Mud-fish, 372, 619 
Mugil, 501 
Muller, H., 33 
Muller, J., 22, 32, 33 
Muller, O. F., 13 
Muller, W., 33 
Mullidae, 403 
Mulloides, 404 
Mullus, 404 
Munro, 16 


Murcena, 675 
MurcEuesox, 674 
Murcenichthys, 674 
Mimenolepis, 545 
Murray-Cod, 392 
Muscles, 93 
Muskellunge, 624 
Miistelus, 318 
Mylesiiius, 613 
Myletes, 613 
Myliobatis. 344 
Mylocyprinus, 588 
Myloleucus,'’601 
Mylopharodoii, 601 
Myology, 93 
Myriacanthus, 314 
Myriodon, 383 
Myi’iolepis, 370 
Mynpristis, 423 
Myroconger, 677 
Myrophis, 674 
Mynis, 674 
Mystacoleiicus, 598 
Myxine, 695 
Myxodes, 498 
Myxus, 504 

Nandus, 418 
NaniiYethiops, 610 
Naiinobrachium, 587 
Nannocampus, 681 
Nannocharax, 608 
Nannostomus, 607 
Narcine, 340 
Naseus, 438, 440 
Nauclenis, 446 
Naucrates, 444 
Nautichthys, 480 
Nealotus, 434 
Nearctic region, 246 
Nebris, 431 
Nebrius, 326 
Neetroplus, 536 
Nefasch, 612 
No m acanthus, 314 
Nemachilus, 605 
Nemadactylus, 412 
Nematogeftys, 581 
Nematops, 557 
Nematoptychius, 370 
Nemichthys, 670 
Nemophis, 498 
Nemopteryx, 434, 539 
Neochanna, 624 
Neoclinus, 498 
Neoconger, 674 
Neophrynichthys, 469 
Neotropical region, 233 
Nerfling, 699 



Neroplii9» 681 
Nerves, 1(53 
Nesiarclius, 434 
Nettastonia, 674^ 

Neural arches, ^8 o 
Neural spine, 52 

Neurapophyses, ol 

Neurology, 96 
Neuroskeletou, 85 
New Zealand sub -region, 

248 m 

Nictitating membrane, 

113 

Nilsson, 27 


Niphon, 3|^)7 
NoineitUe, 4o5 


Nomeus, 4o6 
Nonnat, 501 

Nordnuinn, 28 o i 

North Aiuerican district, 
266 

North American region, 
246 

North Atlantic, 262 
Northern temperate zone, 
262 

Northern zone, 240 
North Pacilic, 268 
Nostrils, 37, 109 
Notacaiithus, 523 
Notidanus, 325 
Notochord, 63 
Notoglanis, 569 
Notograptus, 498 
Notopterus, 665 
Nototheiiia, 466 
Noturus, 568 
Novacula, 529 
Numinopalatus, 526 
Nuria, f)98 

Nutrition, organa ol, l^t 


Oar-fish, 522 
Oblata, 406 
Occipital, 56 
Ochetoluus, 602 
Odax, 532 
Odontaspis, 321 
Odonteus, 525 
Odontostomiis, 587 
Oil- sardine, 660 
Old Red Sandstone, 194 
Old wife, 406 
Olfactory lobes, 97 
Olfactory organ, 109 
Oligorus, 392 
Oligosarcus, 611 
Olistherops, 533 
Ombre, 429 


Ombre chevalier, 645 
Omentum, 132 
Ouchus, 314 
Oucorhyiichus, 64b 
Oiieirodes, 473 
Oolithic lishes, 199 
Opercular gill, 138 
Operculum, 38^ 54, d 
Ophichthys, 674 
Ophidiida?, 546 
Ophidium, 549 
Ol)hiocephali«he, 513 
Ophiodoii, 491 
Oi)hiopsis, 368 
Opistliogiiathus, 466 
Opisthopteryx, 656 
Opisthoticum, 88 
O psar ii ch tl \ y s,^60 2 
Optic lohes, 97 
I Oracaiithus, 314 _ 
Orhito sphenoid, n/, 88 
Oreinus, 595 
Oreoneetes, 606 
Orestias, 615 
Orfe, 599 
Orthacanthiis, 334 
Orthagorisens, 690 
Orthodon, 601 
Orthostomus, 489 
Osheck, 13 
Osmeroides, 582, 631 
Osmerns, 646 
Os operculare, 91 
Osphromenus, 517 
Osteohrama, 604 
Osteochilus, 596 ^ 
Osteogeniosus, 569 
Ostcoglossum, 654 
Ostcolepis, 365 
Ostracion, 686 
Os transversum, 56 
Otolith, 116 
Otolithvis, 430 
Oulachon, 647 
Ovaries, 158, 166 
Ovum, 158, 159, 167 
Oweij, 33 
Oxuderces, 489 

Oxyconger, 674 

Oxydoras, 572 


Oxygnatlms, 3/0 ^ 

Oxymetopon, 489 
Oxyrliina, 320 
Oxytes, 319 

Pachycormus, 368 
Pacliymetopon, 406 
Pachyurus, 430 
Pagellus, 408 


Pagnis, 408 

Paired tins, 42 
Pahearcti*» region, 
Palanchthyes, 312 
PaUeogadus, 539^ 
Paheonisekhn, 369 
PaUnorhynchus, 437 
Paheoscyllium, 326 
Paheospinax, 330 
Palatine, 56, 90 
Palatine arch, 65 
Palimphyes, 457 
Pallas, 13 
Paiuiuelas, 447 
Pancreas, 133 
Pangasiiis, 566 
Pantodon, 6.) 3 
Papilla nrogenitalis, lob 
Paracanthohrama, 598 
1 ‘arat li pi o m y s tax , 5 6 9 
Paradise-lish, 517 
Paragoniates, 610 
Paralepis, 585 
Paralichthys, 556 
Paramisgurnns, 606 
Paramyriis, 674 
Paraperea, 3 / 5 ^ 
Paraphoxinns, 601 
Piirapophyses, 51 
Parascopelus, 582^ 
Parascyllinm, 826 
Parasphenoid, 56, 89 
Pardachirus, 558 
Paretroplns, 535 
Parietals, 57, 89 
Pariodon, 581 
Ihirker, 32 
Parma, 525 
Parnell, 27 
Paroccipital, 56, 88 
Parodoii, 607 
Parophrys, 557 
Paropsis, 450 
Parra, 13 
Parr-marks, 631 
Parrot-wrasses, 530 
, Patiecus, 497 
Patagonian district, 289 
I Peal, 644 
Pectoral arch, 92 
Pectoral tins, 42 
Pediculati, 469 
Pegasus, 482 
Pelagic fishes, 292 
Pelamys, 459 

Pelargorhynclius, 666 

Pelecus, 604 
Pelerin, 322 
Pellona, 660 
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Pellonula, 660 
Pelor, 417 
Pelotpoplms, 60^ 
Peltorharnphus, 557 
Pemplieris, 425 
Pennant, 13 
Pentaceros, 397 
Pentanemns, 425 
Pentapus, 390 
Pentaroge, 417 
Perea, 375 
Percalahrax, 378 
Perch, 375 
Perciclitliys, 376 
Percidfe, 375 
Percilia, 397 
Percis, 464 
Percophis, 466 
Percopsis, 651 
Perioplithalmus, 487 
PeristethiLs, 481 
Permian fislies, 197 
Peruvian district, 280 
Pesce Rey, 501 
Petalopteryx, 480 
Petenia, 536 
Peters, 31 
Pe trod us, 329 
Petromyzon, 692 
Petrosal, 56 
Petroscirtes, 494 
Plianeropleuridte, 360 
Pharyngeal hones, 58 
Pharyngognathi, 523 
Pholidichthys, 498 
Pholidophorus, 368 
Photichthys, 629 
Phractocephalus, 568 
Phrynorhombus, 555 
Phycis, 543 
Phyllodus, 526 
Phylloptcryx, 682 
Physiculus, 543 
Physostomi, 559 
Piabuca, 610 
Piabucina, 610 
Pickerell, 624 
Pike, 624 
Pike-perch, 378 
Pilchard, 660 
Pileoma, 379 
Pilot-fish, 444 
Pimelepterus, 410 
Pimelodus, 568 
Pimephales, 596 
Pinguipes, 466 
Pipe-fishes, 680 

Pirnmn+.ftnfi KfiQ. 


INDEX. 

Pirinampus, 569 
Piso, 7 

Pituitary gland, 98 
Placodernii, 351 
Placoid scales, 48 
Plagiostoinata, 313 
Plagiotremus, 498 
Plagusia, 559 
Plagyodus, 586 
Plaice, 557 
Pla-kat, 519 
Platax, 448 
Platinx, 656 
Platycephalus, 477 
Platycornus, 421 
Platyglossus, 529 
Platyuematichthys, 566 
Platypoecilus, 618 
Platyjitera, 489 
Platyrhina, 342 
Platysomida^, 370 
Platystethus, 450 
Platystoma, 568 
Platystom ati ch th ys, 568 
Platytroctcs, 664 
Playfair, 29 
Plecoglossus, 646 
Plecostomus, 576 
Plectropoma, 382 
Plesiops, 418 
Pleurajiophyses, 52 
Pleurolepiihe, 366 
Pleuronectes, 557 
Pleuronectidie, 553 
Pleuropholis, 368 
Plinthophorus, 666 
Plionemus, 442 
Plotosus, 563 
Podalu'us, 480 
Podocys, 421 
Poecilia, 617 
Poeciloconger, 674 
Poecilopsetta, 557 
Poey, F., 31 
Pogonias, 427 
Poisonous fishes, 189 
Poisson bleu, 650 
Pollack, 541 
Pollan, 649 
Polyacanthus, 516 
Polycaulus, 480b 
Polycentrus, 418 
Polyipnus, 628 
Polyinixia, 423 
Polynemus, 425 
Polyodontidse, 362 
Polyprioii, 382 


Polyrliizodus, 330 
Pomacanthus, 401 
Pomacentrus, 525 
Poniatoinus, 395 
Poinotis, 396 
Pompilus, 444 
Pope, 378 
Porbeagle, 320 
Porgy, 408 
Porichthys, 468 
Portheus, 500 
Porthmeus, 446 
Port Jacksoh Shark, 33l 
Poms abdominal is, 123 
Poms genitalis, 123, 15! 
Post-ciaviciila, o9, 92 
Post-frontal bone, 57, 8 1 
Post-pliocene fishes, 201 
Pos,t-teniporal, 59, 92 
Pout, 541 
Powen, 649 

Pmeoperculum, 38, 54, 9 
Pra3orbital, 54 
Prefrontal, 57, 89 
Premaxillary, 53, 90 
Prenmas, 525 
Prehadillas, 575 
Pretympanui, 55' 

Pri acanthus, 395 
Pride, 693 
Prionotus, 479 
Prionurus, 440 
Pristacanthus, 314 
Pristidae, 336 
Pristigaster, 660 
Pristiophorus, 335 
Pristii)oma, 385 
Pristis, 337 
Pristiurus, 326 
Prochilodus, 607 
Prooticum, 88 
Propterus, 368 
Propterygium, 70 
Prosencephalon, 97 
Prosopodasys, 417 
Protamia, 372 
Protocampus, 681 
Protoptems, 356 
Protosphyrjena, 500 
Prototroctes, 652 
Prussian carp, 591 
Psaliodus, 349 
Psammobatis, 342 
Psammodiscus, 557 
Psammodus, 329 
Psammoperca, 378 
Psenes, 456 
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Psettodes, 554 
Psettus, 447 
Pseudeclicneis, 580 
Pseudentropins, 566 
PseudohagruH, 567 
Pseudoberyx, 421 
Pseiidobleniiius, 498 
Pseiidobrancliia?, 140 
Pseudochal cells, 610 
^ Pseiidocliiliniis, 530 
Pseudoclironii^ 466 
Pscudodax, 5 % 
Pseudocleginms, 462 
Pseiidogobio, 596 
Pscudojiilis, 529 
Pseudolal^ca, 604 
Pseiidoperilampus, 601 
Pseii doph yci s, 542 
Pseudoplesiops, 466 
Paeudorasbora, 596 * 
Pseiidorbonibus, 556 
Pvseudoscarus, 532 
Pseudosyngiiatlius, 680 
Pseiidovoiner, 442 
Pseudoxipliophorus, 617 
Psilorhyiichiis, 604 
Psyclirolutes, 469 
Pteraclis, 455 
Pteragogna, 530 
Pteraspis, 354 
Pterichthys, 351 
Pteroplatca, 344 
Pteridiiini, 549 
Pteroia, 415 
Pterophyllum, 537 
Pteropsarion, 602 
Pterygocephalus, 492 
Pterygoid, 56 
Pterygop] iclithy a, 5 7 6 
Ptycliacanthus, 314 
Ptycliobarbna, 595 
Ptycliodua, 330 
Ptycliolepis, 368 
Ptyonotus, 480 
Pycnodontidtc, 366 
Pygopterus, 370 
Pyloric appendages, 131 
Pyrrhulina, 60^ 

Quadrate Bone, 55, 89 
Quoy et Gaimard, 26 

Eadius, 59 
Raja, 340 
Raniceps, 544 
Raabora, 597 
Rasborichthys, 604 
Rathke, 32 
Ray, 8 

Rays of fins, 40 


Raya, 335, 341 
Red bodies, 147 
Red -dace, 599 
Red-eye, 599 
Red-fill, 599 
Ked-liorse, 589 
Red imillet, 404 


Rliabdolepis, 370 
Rbacolejfis, 421 
Rliadiniclilbys, 370 
Rliaiupbiclitiiys, 666 
Rliaiiijdiocottus, 480 
Rhamphosus, 507 
Rbina, 334 
Rliiiielepis, 576 
Rliinellus, 656 
Rbiniclitliys, 596 
Rbinoliatus, 338 
Rliinodon, 323 
Rbinodoras, 572 
Rliinoglanis, 573 
Rhinoniia, 549 
liliiiioptera, 346 
Rliizoilus, 365 
Rliodeus, 601 
Rliomboidiclithys, 556 
Rli oin 1 losolea, 557 
Rboinbiis, 555 
Rliyncliiclitliya, 424 
Rliyncliobatns, 337 
Rliyncliobdella, 498 
lUiyiichodus, 349 
Rliypticus, 383 
Rliytiodus, 608 
Rib, 52 

Ribbon-fishes, 520 
Richardson, 27, 28 
Riaso, 17 
Rita, 567 
Ri villus, 615 
Roach, 599, 600 
Rock-coo^, 528 
Rockling, 544 
Rohteichtliys, 597 
Rondelet, 5 
Rosenthal, 32 
Rough Dab, 555 
Rudd, 599 
Riippell, 29 
Russel, 16 


Saccartus, 474 
Saccobranchiis, 565 
Saccodon^fiO? 
SaccopliarvMx, 670 * 
Sivlbling, 645 
Sail-fish, 589 
Sail-llukc, 555 
Salanx, 650 
Salarias, 494 
Salivary glands, 124 
Salniiniis, 611 
Salnio, (),‘>1 
Salnion, 64 i 
Saliiioii-lrout, 644 
Salvclini, 615 
Salviaiii, 5 
Saiiiaris, 556 
Sand eel, 550 
Sand-])ipcr, 693 
Sandy Itay, 341 
Sar, 406 
Saragii, 406 
Saivodaces, 611 
Sardine, 660 
Sargina, 406 
Sargo, ^06 
Sargodon, 405 
Sargiis, 406 
Satanoperca, 537 
Saurenchelys, 674 
Saiirichtiiys, 365 
Sanrida, .582 
Sauridic, 368 
Sanroceidjaliis, 500 
Saurodipteri(h‘e, 355 
Saurod(»ntida‘, 500 
Saurorhani](])us, 666 
Sauriis, 582 
Saury, 620 
Saw-lislies, 337 
Scabbard-fish, 435 
Scald-fish, 556 
Scales, 45 
Scajdiasjn's, 3,54 
Scaph i rl I y n cl ) ii s, 3 6 2 
Scapula, 59, 92 
Scapular arch, 59 
Scarichthys, 531 
Scarus, 526, 530 
Scathanis, 406 
Scatophagiis, 401 
Schacra, 602 
Schal, 573 
Schedophilus, 455 
Schell-fiscb, 540 
Schelly, 649 
Schilbe, 566 
Schilbichthys, 566 
Schizopygopsis, 595 


Regal ecus, 522 
Reproduction of lost i)avis 
188 

Reproduction, organs of, 
157 

Respiration, organs of, 135 
Rete ndrabile, 147 
Reti'opinna, 647 
Retzius, 32 
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Schizothorax, 595 
Schlegel, 29 
S cl 111 eider, 15 
Scliultze, 33 

Sciades, 568 I 

Scitena, 429 
Scii.pjiidoe, 426 
Scissor, 610 
Sclerodermi, 684 
Sclerogiiathus, 589 
Scolopsis, 389 
Scomber, 457 
Scombresox, 620 
ScombridtT, 456 
Scombroclupca, 656 
Scombrops, 395 
ScopelidtP, 582 
Scopelosaurus, 587 
Scopelus, 584 
Scorpsena, 444 
Scorpaeiiicbtliys, 480 
Scorpteiiidae, 412 
Scorpis, 402 
Scup, 408 
Scylliodus, 326 
Scyllhim, 325 
Scymnus, 332 
Sea-bat, 448 
Seabream, 405, 408 
Sea-cat, 493 
Sea-devil, 344, 470 
Sea-bedgehog, 687 
Sea-liorses, 682 
Sea-percli, 381 
Sea-serpents, 521 
Sea-trout, 644 
Sea- wolf, 493 
Seba, 9 
Sebastes, 413 
Secondary sexual char- 
acters, 176 
Seingo, 378 
Selache, 322 
Selaclioidei, 314 
Semicossyplius, 530 
Seniionotus, 368 
Semiophorus, 441, 442 
Semiplotus, 598 
Seriola, 444 
Seriolella, 444, 450 
Serjolichthys, 444 
Serramis, 381 
Serrasalmo, 613 
Setiform teeth, 126 
Sewin, 644 

Sexual characters, 176 
Shad, 659 


INDEX* 

Sharks, 314 
Shark’s hiis, 315 
Sheep’s head, 406 
Shiner, 599, 603 
Shore-fishes, 257 
Sicyases, 513 
Sicydium, 487 
Siebold, 28 
Sillagb, 464 
Silondia, 566 
Siluranodon, 566 
Silurian fishes, 193 
Silurichtliys, 566 
Siluridie, 559 
Silurus, 565 
Siniperca, 376 
Sinus rhomboitlalis, 99 
Siphagoiius, 481 
Siphoiial stomach, 130 
Siphouognathus, 533 
Siphonostoma, 680 
Sircmbo, 549 
SirenidiP, 355 
Sisor, 580 
Skate, 341 
Skeleton of — 

Amia, 82 
Amphioxus, 63 
Choiidropterygians, 66 
Chondrostei, 74 
Cyclostomes, 64 
Dipnoi, 71 
Ganoids, 71 
Lepidosteus, 80 
Polypterus, 77 
Teleoslei, 83 
Skin, 45 
Skip-jack, 447 
Skij)per, 620 
Skull, 51, 85 
Skulpin, 489 
Smaiis, 390 
Smear-dab, 557 
Smelt, 647 
Smerdis, 375 
Smiliogaster, 604 
Snapper, 408 
Snock, 437 
Snout, 37 
Solauder, 13 
Sole, 557 p 
Solea, 557 
Solenognathus, 682 
Soleiiorh y nch us, 678 
Soleiiostoma, 678 
Soleotalpa, 559 
Sonnerat, 13 
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South Australian disf 
283 

Southern temperate Z' 
281 

Southern zone, 248 
Spaniodon, 656 
Sparid{e, 405 
Sparnodus, 405 
Si^aroid scales, 46 
S]Mithobatis, 338 
Spathodactylus, 656 
Spatularia; 362 
Spawn-eater, 599 
Spear-fish, 589 
St)ha3rodon, 408 
SplnerodontidiE^ 368 
Sphenacantlius, 314 
Sphenocephalus, 421 
Spbenodus, 319 
Sphenoid, 57 
Sphenoideum anterius, 
Sphynena, 499 
Sphyramodus, 500 
Spiegel-Karpfen, 591 
Spinacida^, 330 
Spinal chord, 96 
Spinal column, 51 
Spinax, 332 • 

Spines of fins, 40 
Spiracles, 138 
Spiral valve, 1 28 
Spirobranchus, 516 
Sp Ian ch n o s k e. 1 e L on , 85 
Spleen, 133 
Splenial, 54, 91 
Sprat, 659 
Spratelfoides, 662 
S<[ualiol)arbus, 602 
Squaloraja, 335 
Sqnamipinnes, 397 
Squamosal, 88, 89 
Stannius, 32, 33 
Stare-gazer, 462 
Starry Ray, 341 
Stegophilus, 581 
Stegostonia, 326 
Steindachner, 28 
Steller, 13 
Stenostorna, 421 
Sterlet, 361 
Sternarchus, 666 
Sternoptyx, 627 
Sternopygus, 667 
Stethojulis, 529 
Stich«Teopsis, 498 
Stick auis, 495 
Sticharium, 498 
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Sting Rays, 342 
Stock-fish, 540, 542 
Stomach, 127 
Stomias, 629 
Stone-bass, 382 
Stone-lugger, 596 
Stone-roller, 589 
Stone Toter, 596 
Storer, 29 
Strej^soclus, 365 
Strinsia, 541 
Strornateiis, 

Stropliodus, "1410 
Sturgeons, 361 
St 3 ^gogenes, 575 
Stylodonti^a?, 368 
Stylohyal, 58 
Stylophoriis, 522 
Suboperculum, 38, 55, 91 
Suborbital, 91 
Sucker, 588 
Sucking-fish, 460 
Sudis, 586 

Sun-fislies, 396, 454, 690 
Supraclavicula, 59, 92 
Supraoccipital, 56, 87 
Supraorbital, 89 
Suprascapula, 59 
Supraternporal, 91 
Surgeon, 439 
Suspensorium of man- 
dible, 55 
Swammerdam, 7 
Sword- fisli, 431 
Synibranchus, 669 
Sympathic nerves, 108 
Syniphorus, 390 
Symphysis, 54 
Symj)hysodon, 537 
Symplectic, 55, 89 
Sympterygia, 342 
Synagris, 390 
Synanceia, 416 
Sy napl loljranch us, 671 
lynaptura, 558 
lyngnathus, 680 
lynodontis, 573 

^AENIANOTOS, Il7 
[’aeniura, 343 
"’aractes, 454 
^asmanian subregion, 248 
’’aste, organ of, 119 
\uriniclithys, 526 
’’autoga, 527 
’eeth; 121, 124 
'eleostei, 373 
'elescope-fish, 592 
’ellia, 615 
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Temera, 340 
Teninodon, 446 
Tenacity of life, 186 
Tench, 600 
Tephraeops, 406 
Tephritis, 5.55 
Tertiary lUhes, 200 
Testicles, 162, 167 
Tetragonolepis, 368 
Tetragono])terus, 609 
Tetragonui'us, 501 
Tetranematiclithys, 572 
Tetraroge, 417 
Tetrodon, 688 
Teuthididag 418 
Ten this, 419 
Thalasso])lnyiio, 468 
Tlialassorhiiius, 319 
Tlialeichthys, 647 
Til au mas, 334 
Tliectodus, 330 
Tlierajion, 385 
Tliolichtliys, 172 
Thoracic lins, 42 
Tliorn-liack, 341 
Thrissonotus, 370 
Thrissopater, 656 
Thrissops, 371 
Tliunberg, 13 
Thymallus, 649 
4'liynMichthys,-595 
Tliynnus, 457 
Tliyrsites, 436 
Thysano})s(U,ta, 556 
Tiger-sliark, 327 
Til urns, 180 
Tinea, 599 
Tongue, 124 
Tope, 318 
Top-knot, 555 
Torgoch, 615 
Torpediiiiihe, 338 
Torpedo, 339 
Torsk, 546 
Toucli, organ of, 120 
Toxabraniis, 604 
Toxotes, 403 
Trarhelochismus, 513 
Trachelyopterus, 572 
Track ichthys, 422 
Trachinid^, 462 
Trachinoj>s, 418 • 

Trachinopsis, 462 
Trachinus, 463 
Trachurus, 442 
Trachynotus, 447 
Trachypterus, 522 
Transverse line, 50 
Triacanthodes, 684 


Triacanthus, 684 
Triacis, 319 
'J’riainodoij^ 319 
Tria-nophorichthys, f87 
Triassic fishes, 197 
Trichiuriehthys, 434 
Trichiuriche, 433 
Trichiurfts, 436 
Trichocyclus, 6S9 
'JVichodio»lon, 689 
Trichodon, 46f) 
4Vichogaster, 518 
! Triclioinycterus, 581 
Trichonotus, 490 
Tricliojdeura, 417 
Trifurcated Hake, 545 
Trigla, 478 
Trig] ops, 480 
Trigorhina, 338 
Triodoii, 687 
Tripterodon, 406 
Tripterygium, 495 
Tristicliopterus, 365 
Tristycluus, 314 
Trochocopus, 530 
Tro]>ical American region, 
233 

Trout, 644 
Trul)U, 600 
Trumpeter, 412 
Trumi)et-fish, 500 
Trunk, 39 
Ti-ygon, 343 
Trygoiiida', 312 
Trygoiiorhina, 338 
Try)>auc]ien, 489 
4'uiiny, 458 
Turhiual, 57, 91 
Turbot, 555 
Twaite Shad, 659 
Tyellina, 326 
Tylognatlius, 596 
Typhliehthys, 618 
Typliloiius, 548 

Uauu, 536 
Ulna, 59 
Umbra, 429, 619 
Umbriua, 428 
Umbriue, 429 
Undina, 365 
Upeneichthys, 404’ 
Upeiieoides, 404 
Upeneus, 404 
Upokororo, 652 
Uraleptus, 543 
Uranoscopus, 462 
Urinary organs, 155 
Urocampus, 681 
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Urocentnis, 498 
Uroconger, 674 
Urogymnus, 343 
Uroh^al, 58, 91 
Urolophiis, 343 
Urouectes, 538 
Uronemus, 360 
Urosphen, 507 
Urosthenes, 370 
Useful fishes, 189 

Vatllant, 31 
Valenciennes, 18 
Vandellia, 581 
Velifer, 397 
Veiidace, 649 
Ventral fins, 42 
V ertebral' coliinin, 
Vertical fins, 40 
Villiform teeth, 12( 
Vivii^aroiis Bleniiy, 
Vogt, 32 
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Vomer (bone), 56, 89 
Voiper (gen.), 441 
Vulsus, 489 

Wallago, 566 
Wardichthys, 370 
Weever, 464 
Weis, 565 
Whiff, 555 
White-bait, 658 
White-fish, 599, 648 
Whiting, 541 
Whiting-pout, 541 
Willugliby, 8 
Wrasses, 525 

Xenocephalus, 553 
51 Xenocharax, 612 

Xenocypris, 598 
3 Xenodermichtliys, 664 

497 Xenomystus, 576 

I Xenopterus, 688 


THE END. 


Xiphias, 431 • 
Xiphidion, 496 
XiphiidaB, 431 
Xiphochilus, 530 
Xipliopterus, 434 
Xi])horhampus, 611 
Xiphostoma, 611 

Yarrell, 27 
Yellow-tail, 444 

Zanchus, ^^49 
Zaniolepis, 491 
Zarthe, 603 
Zebra-Shark, 327 
Zeus, 451 
Zoarces, 497 
Zope, 603 
Zuzuki, 378 
Zygaena, 318 
Zygapophyses, 52 
Zygobatis, 346 
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